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ABSTRACT
The p u rp o s e  o-f t h i s  s tu d y  was t o  i n v e s t i g a t e  w h e th er  
t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  u n d e r s t a n d in g  th e  
c o n c e p t o f  v a r i a b l e  and i n  a t t i t u d e s  to w a rd  m a th e m atic s  
among s i x t h - g r a d e  s t u d e n t s  who programmed LOGO g r a p h ic s ,  
s tu d e n ts  who used te x b o o k -b a s e d  a c t i v i t i e s ,  and s tu d e n ts  
who r e c e iv e d  no i n s t r u c t i o n  on t h e  c o n c e p t  o f  v a r i a b l e .
The s u b j e c t s  w ere  8 9  s i x t h - g r a d e  s t u d e n t s  <47 fe m a le ,  
42 m a le ) fro m  two m id d le  s c h o o ls  in  t h e  E a s t  Baton Rouge 
P a r is h  School S ystem . The T e s t  o f  L o g ic a l  T h in k in g  
(T O L T ) , R o b u s tn e s s  S e m a n t ic  D i f f e r e n t i a l  (R S D ) , and 
C om prehensive  T e s t  o f  Eiasic S k i l l s  (CTBS) w ere  
a d m in is t e r e d  as p r e - t r e a t m e n t  t e s t s .
The s tu d y  was c o n d u c te d  i n  two p h a s e s ,  p r e - t r e a t m e n t  
and t r e a t m e n t .  The p r e - t r e a t m e n t  phase c o n s is t e d  o f  f i v e  
f i f t y - m i n u t e  le s s o n s  d e s ig n e d  t o  te a c h  a l l  s t u d e n t s  th e  
LOGO b a s ic  p r i m i t i v e  commands. A f t e r  t h e s e  le s s o n s  were  
c o m p le te d ,  t h e  s t u d e n t s  were ra n d o m ly  a s s ig n e d  t o  e i t h e r  
t h e  c o m p u te r ,  t e x t b o o k ,  o r  c o n t r o l  g ro u p .  The t r e a t m e n t  
phase c o n s is t e d  o f  tw o  a p p ro ac h e s  f o r  t e a c h i n g  t h e  co n cep t  
o f v a r i a b l e s  c o m p u te r  program m ing and te x b o o k -b a s e d .  The  
com puter program m ing  approach  c o n s is t e d  o f  f i v e  
f i f t y - m i n u t e  le s s o n s  i n  which s t u d e n t s  used v a r i a b l e s  in  
t h e i r  g r a p h ic  p r o c e d u re s  (p r o g r a m s ) . The te x tb o o k -b a s e d
x i
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approach  c o n s is t e d  o-f - f iv e  - f i f t y - m i n u t e  le s s o n s  on t h e  use  
o f  v a r i a b l e s .  The c o n t r o l  g roup  worked on m a th e m a t ic s  
a c t i v i t i e s  d u r in g  t h e  t r e a t m e n t  t im e  b u t  d id  n o t  r e c e i v e  
i n s t r u c t i o n  on t h e  c o n c e p t  o f  v a r i a b l e .
The d a ta  w ere  a n a ly z e d  u s in g  u n i v a r i a t e  a n a l y s i s  o f  
v a r ia n c e  p r o c e d u re s .  The r e s u l t s  in d i c a t e d  t h a t  t h e r e  
were no s i g n i f i c a n t  d i f f e r e n c e s  betw een  com puter and  
te x tb o o k  g ro u p s '  p o s t t e s t  s c o r e s ,  t e x tb o o k  and c o n t r o l  
g ro u p s ' p o s t t e s t  s c o r e s  and c o n t r o l  and t e x tb o o k  g r o u p s '  
r e t e n t i o n  t e s t  (g iv e n  t h r e e  weeks a f t e r  t r e a t m e n t )  s c o r e s .  
A ls o ,  no s i g n i f i c a n t  d i f f e r e n c e  was fo u n d  among s t u d e n t s '  
a t t i t u d e s  to w a rd  m a th e m a t ic s  a t  t h e  end o f  t r e a t m e n t .
T h e re  w ere  s i g n i f i c a n t  d i f f e r e n c e s  betw een c o m p u te r  and 
c o n t r o l  g ro u p s '  p o s t t e s t  s c o r e s ,  com puter and te x t b o o k  
g ro u p s '  r e t e n t i o n  t e s t  s c o re s  and com puter and c o n t r o l  
g ro u p s '  r e t e n t i o n  t e s t  s c o r e s .  The s i g n i f i c a n t  
d i f f e r e n c e s  f a v o r e d  t h e  com puter g ro u p .  A ls o ,  t h e r e  was a 
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  betw een s t u d e n t s '  
p o s t t e s t  and r e t e n t i o n  t e s t  s c o re s  and t h e i r  CTBS, TOLT 
and c o m p u t e r - r e la t e d  RSD s c a r e s .
The r e s u l t s  a r e  d is c u s s e d  w i t h  r e s p e c t  t o  t h e  e f f e c t  
o f  com puter program m ing  i n s t r u c t i o n  on s i x t h - g r a d e  
s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e .
x i  i
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CHAPTER 1 
I n t r o d u c t i o n
T o day , s t u d e n t s  i n  our s c h o o ls  a c t i v e l y  work w i th  
com puters  in  a v a r i e t y  o f  e d u c a t io n a l  s e t t i n g s .  I t  has  
been assumed t h a t  when t h e y  program  c o m p u te rs ,  th e y  a r e  
i n v o lv e d  in  a c t i v i t i e s  t h a t  p rom ote  l e a r n i n g  o f  
m a th e m atic s  ( F e u r s e i g ,  P a p e r t ,  Boom, G ra n t & Solom on,
1969; H a t f i e l d  & K i e r e n ,  1 97 2 ; P a p e r t ,  W a l t ,  d iS e s s a  & 
W e ir ,  1979; W ashburn , 1 9 7 0 ) .  The t h e o r e t i c a l  l i n k  f o r  
t h i s  assu m p tio n  comes fro m  r e s e a r c h  on t u t o r i n g ,  l e a r n i n g ,  
and p r a c t i c e .  Camp and H a r c h io n in i  (1984 ) s t a t e d  t h a t  " in  
g e n e r a l ,  t u t o r s  l e a r n  fro m  t u t o r i n g  ( t h e  b a s is  f o r  
c r o s s -a g e  t u t o r i n g  p r o g r a m s ) , t e a c h e r s  l e a r n  f ro m  te a c h in g  
(ask any t e a c h e r ) , and th o s e  who p r a c t i c e  l e a r n  by  
p r a c t i c i n g "  ( p . 1 1 8 ) .  The q u e s t io n  now c o n c e rn s  t h e  
e f f e c t i v e n e s s  o f  co m p u ter  program m ing a c t i v i t i e s  in  
t e a c h in g  m a th e m a t ic s  c o n c e p ts  and s k i l l s .  F u r th e r m o r e ,  
th e  use o f  a c o m p u te r  program m ing approach  t o  te a c h  
m a th e m atic s  com pared t o  o t h e r  a p p ro a c h e s ,  such as  a 
t e x tb o o k -b a s e d  a p p r o a c h ,  n eed s  t o  be s t u d ie d .  The 
m a th e m a tic s  c o n c e p t  " v a r i a b l e "  i s  one o f t h e  c o n c e p ts  t h a t  
can be m odeled and le a r n e d  th ro u g h  program m ing a c t i v i t i e s  
( C o r b i t t ,  1 9 8 5 ) .  The f o l l o w i n g  s e c t io n  p r e s e n t s  
background i n f o r m a t i o n  r e g a r d in g  th e s e  id e a s  as  th e y  
r e l a t e  t o  t h e  use. o f  co m p u te r  programming t o  enhance
1
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s t u d e n t s '  u n d e r s t a n d in g  o f  m a th e m a t ic s  c o n c e p ts  such as  
" v a r i a b l e . "
i§£li9C9yQ d
The p o t e n t i a l  p o s i t i v e  e f f e c t s  co m p u te r  program m ing  
c o u ld  have on m a th e m a t ic s  l e a r n i n g  ra n g e  fro m  t h e  
e n r ic h m e n t  o f  m a th e m a t ic a l  c o n c e p ts  t o  t h e  enhancem ent o f  
p ro b le m  s o l v i n g  a b i l i t y  (D p re a ,  1 9 8 5 ) .  Most o f  t h e  c la im s  
r e g a r d in g  t h e  e f f e c t s  o f  co m p u ter  p rogram m ing  on s t u d e n t s '  
c o g n i t i o n  a r e  based on r a t i o n a l  a rg u m e n ts ,  i n d i v i d u a l  
o b s e r v a t i o n s ,  and t h e  e x p e r ie n c e s  o f  e d u c a t o r s  and 
p r a c t i t i o n e r s ;  t h e y  a r e  n o t  s u p p o r te d  by s y s t e m a t ic  
e m p i r i c a l  r e s e a r c h  (Pea S< K u r la n d ,  1 9 8 4 ) .
The use o f  co m p u te rs  t o  en h an ce  t h e  m a th e m a tic s  
t e a c h i n g - l e a r n i n g  p r o c e s s  has  r e c e i v e d  in c r e a s e d  a t t e n t i o n  
f ro m  p a r e n t s ,  t e a c h e r s ,  s t u d e n t s ,  r e s e a r c h e r s ,  and 
c u r r ic u lu m  d e v e lo p e r s .  Reasons f o r  t h i s  i n c lu d e  th e  
d e c re a s e d  c o s t s  and in c r e a s e d  a v a i l a b i l i t y  o f  co m puters  
f o r  s t u d e n t s  a t  home and s c h o o l ,  and t h e  im p o r ta n c e  
co m p u te rs  h ave  a t t a i n e d  in  s o c i e t y .
Im p o r t a n t  p r o f e s s i o n a l  g ro u p s  h a v e  recommended t h e  
use o f  c o m p u te rs  in  t h e  m a th e m a t ic s  c la s s r o o m s .  The  
N a t i o n a l  C o u n c i l  o f  T e a c h e rs  o f  M a th e m a t ic s  (1 9 8 0 )  in  
ftn Agenda f o r  f i c t i o n , and t h e  N a t i o n a l  C o u n c i l  o f  
S u p e r v is o r s  o f  M a th e m a t ic s  (1 9 7 7 )  in  t h e i r  " P o s i t io n  Paper  
on B a s ic  M a th e m a t ic s  S k i l l s "  recommend t h a t  m a th e m a t ic s
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program s t a k e  f u l l  a d v a n ta g e  o f  c o m p u te rs .  M o r e o v e r , th e  
C o n fe re n c e  Board o f  t h e  M a th e m a t ic a l  S c ie n c e s  (1 9 7 5 )  in  
i t s  book t i t l e d  A n _ O v e rv ie w _ a n d _ A n a l^ s is _ o f_ S c h o o l  
M a th e m a t ic s _ K -1 2  makes t h e  recom m endation  t h a t  a l l  
s t u d e n ts  s h o u ld  be g iv e n  t h e  o p p o r t u n i t y  t o  p a r t i c i p a t e  in  
com puter s c ie n c e  c o u rs e s  e m p h as is in g  h an d s -o n  e x p e r ie n c e s  
u s in g  c o m p u te rs .
Computer program m ing p r o v id e s  a f e a s i b l e  approach  f o r  
en h an c in g  s t u d e n t s '  u n d e r s ta n d in g  o f  m a th e m a t ic s  ( C o r b i t t ,  
1985; Fey e t  a l . 1984 ; 0 p r e a ,  1 9 8 5 ) .  P r e s e n t l y ,  
com puter program m ing i s  p a r t  o f  t h e  m a th e m a t ic s  
c u r r ic u lu m .  H o w e v e r ,  D prea  (1 9 8 5 )  s t a t e s  t h a t  " th e  
o b j e c t i v e  o f  t h i s  i n s t r u c t i o n  i s  t h e  d e v e lo p m e n t o f  
programming s k i l l s  and n o t  t h e  enhancem ent o f  m a th em atics  
l e a r n in g "  (p .  2 ) .  I t  i s  n e c e s s a ry  and im p o r t a n t  t o  
combine com puter program m ing c a p a b l i t i e s  w i t h  e f f e c t i v e  
t e a c h in g .  T r a n s f e r  o f  com puter program m ing s k i l l s  to  
noncom puter a c t i v i t i e s  i s  n o t  made a u t o m a t i c a l l y  by  
s t u d e n ts  (K u r la n d  P e a ,  1 9 8 4 ) .  D e te r m in in g  e f f e c t i v e  
ways o f  u s in g  c o m p u te r  program m ing to .e n h a n c e  s t u d e n t s '  
u n d e rs ta n d in g  o f  m a th e m a t ic s  and s t u d y in g  t h e  e f f e c t  of  
com puter program m ing on s t u d e n t s '  u n d e r s t a n d in g  o f  
s p e c i f i c  c o n c e p ts ,  such as  " v a r i a b l e "  and " e q u a t io n , "  a r e  
b a s ic  i f  e d u c a to r s  w ant t o  be s u c c e s s fu l  i n  u s in g  t h i s  
approach  in  t h e  m a th e m a t ic s  c la s s ro o m .
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The c o n c e p t  o f  v a r i a b l e  i s  c o n s id e re d  a v e r y  
im p o r ta n t  u n i f y i n g  them e i n  m a th e m a t ic s .  I t  i s  one o f  t h e  
few  c e n t r a l  them es w h ich  s e r v e  t o  o r g a n is e ,  u n i f y ,  and 
g iv e  c o h e re n c e  t o  m a th e m a t ic s  a t  a l l  l e v e l s .  I t  i s  
t h e r e f o r e  im p o r t a n t  t h a t  t e a c h e r s  and c u r r ic u lu m  
d e v e lo p e r s  a n a ly z e  t h e  e f f e c t i v e n e s s  o f  d i f f e r e n t  
a p p ro ac h e s  i n  t e a c h in g  o f  t h e  co n cep t o f  v a r i a b l e .
C o n cep ts  a r e  c o n s id e r e d  t o  be one o f t h e  f o u n d a t io n s  
o f know ledge (S ow der, 1 9 8 0 ) .  Through l e a r n i n g  c e r t a i n  
c o n c e p ts ,  o t h e r  c o n c e p ts  and o th e r  k in d s  o f  s u b j e c t  m a t te r  
a r e  le a r n e d  (C ooney , D a v is  H en d erso n , 1 9 7 5 ) .  The  
c o n ce p t o f  v a r i a b l e  i s  no e x c e p t io n .  Wagner (1 9 8 1 )  s t a t e s  
t h a t  " J u s t  as  th e  c o n c e p t  o f  number i s  fu n d a m e n ta l  t o  
a r i t h m e t i c ,  t h e  c o n c e p t  o f  v a r i a b l e  i s  fu n d a m e n ta l  t o  
a lg e b r a  and h ig h e r  m a th e m a t ic s "  (p . 1 0 7 ) .  F e y  e t  a l .
(1 9 8 4 )  f e e l  s t r o n g l y  t h a t  th e  im p o r ta n c e  o f  t h e  c o n c e p t  o f  
v a r i a b l e  i n  m a th e m a t ic s  becomes more r e l e v a n t  b ecau se  t h e  
s e c o n d a ry  sch o o l m a th e m a t ic s  program  f o r  c o l le g e - b o u n d  
s t u d e n ts  b e g in s  w i t h ,  and i s  dom inated  b y ,  t o p i c s  fro m  
a lg e b r a .
V a r i a b l e s  a r e  e s s e n t i a l  t o  m a th e m a t ic s  i n  many ways. 
They a r e  used in  m a th e m a t ic a l  e x p r e s s io n s ,  s e n t e n c e s ,  
f o r m u la s ,  and f u n c t i o n s .  They can s e r v e  as  a  b l a n k ,  h o ld  
a p la c e  f o r  a c o n s t a n t ,  r e p r e s e n t  an unknown in  t h e  
s o l u t i o n  o f  c o n d i t i o n a l  e q u a t io n s ,  d e s c r ib e  a  f a m i l y  o f
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■fu n ctio n s  o r  g ra p h s  (w h ere  t h e y  a r e  c a l l e d  p a r a m e te r s ,  o r  
a r b i t r a r y  c o n s t a n t s ) ,  o r  d e n o te  c r o s s - r e f e r e n c e d  sym b o ls  
such as in  t h e  s tu d y  o f  l o g i c  (K a ru c h ,  1 9 6 2 ) .  E d u c a to rs  
m ig h t assume t h a t  because  t h e  c o n c e p t  o f  v a r i a b l e  i s  so  
im p o r t a n t  t o  m a th e m a t ic s  t h e r e  i s  s u f f i c i e n t  s tu d y  ‘on t h e  
t e a c h in g  and l e a r n i n g  o f  t h i s  c o n c e p t .  T h i s ,  h o w e v e r ,  i s  
n o t  t h e  c as e  as  v e r y  l i t t l e  r e s e a r c h  e x i s t s  i n  t h e  a r e a ,  
d e s p i t e  e v id e n c e  t h a t  v a r i a b l e  i s  a t ro u b le s o m e  c o n c e p t  
f o r  many s t u d e n t s  and t h a t  s t u d e n t s  h ave  s e v e r a l  
m is c o n c e p t io n s  r e g a r d in g  t h e  use  o f  t h i s  c o n c e p t .  For  
e x a m p le ,  C a r p e n te r  e t  a l . ( 1 9 8 1 )  fo u n d  t h a t  1 3 -ye a r— o ld
s tu d e n t s  c o u ld  s o lv e  s im p le  l i n e a r  e q u a t io n s ,  b u t  t h e y  d id  
n o t  a p p ear  t o  u n d e rs ta n d  f o r m a l  p ro c e d u re s  f o r  f i n d i n g  
s o l u t i o n s  t o  more com plex e q u a t i o n s ,  and Tonnessen (1 9 8 0 )  
•found a low  l e v e l  o f  a c q u i s i t i o n  o f  t h e  c o n c e p t  o f  
v a r i a b l e  a t  t h e  c o l l e g e  l e v e l .  A ls o ,  W a g n e r 's  (1 9 8 1 )  
f i n d i n g s  s u g g e s t  t h a t  m id d le  and h ig h  schoo l s t u d e n t s  have  
s e v e r a l  m is c o n c e p t io n s  c o n c e r n in g  t h e  c o n c e p t o f  v a r i a b l e .  
The i n v e s t i g a t o r  s t a t e d  t h a t  t h e s e  m is c o n c e p t io n s  c e n t e r  
on a la c k  o f  u n d e r s t a n d in g  o f  t h e  a l g e b r a i c  p ro c e s s e s  
i n v o lv e d  and i n  th e  s t u d e n t s '  c o n fu s io n  w i t h  t h e  d i f f e r e n t  
uses  o f  t h e  c o n c e p t .  H o w e v e r ,  t h e  c o n c e p t o f  v a r i a b l e  has  
n o t  r e c e iv e d  t h e  a t t e n t i o n  i t  d e s e r v e s  i n  t e x tb o o k s  and in  
r e s e a r c h  s t u d i e s .  S u r p r i s i n g l y  en o u g h , i t  i s  n o t  even  
in t r o d u c e d  i n  s e v e r a l  e le m e n t a r y  sch o o l t e x t b o o k s .
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Computer program m ing p r o v id e s  a f e a s i b l e  ap p ro ac h  t o  
te a c h  and h e lp  s tu d e n ts  a v o id  o r  overcome m is c o n c e p t io n s  
o f  t h e  c o n c e p t  o f  v a r i a b l e .  In  co m p u ter  p ro g ra m m in g , as  
in  m a th e m a t ic s ,  a v a r i a b l e  i s  a symbol t h a t  may be  
r e p la c e d  by any member o f  a g iv e n  s e t  o f  num bers . Each  
v a r i a b l e  c o r re s p o n d s  t o  a d i s t i n c t  l o c a t i o n  i n  t h e  
"memory" o f  a c o m p u te r .  T h is  id e a  makes c o m p u te r  
program m ing i n v o lv i n g  v a r i a b l e s  a p o w e r fu l  and c o n c r e t e  
model t o  in t r o d u c e  and te a c h  t h e  c o n c e p t  o f  v a r i a b l e  
( P a p e r t ,  1 9 8 0 ) .  The deve lo p m en t o f  sound f i e l d  t e s t i n g  
and c o n s c ie n t io u s  s e l e c t i o n  o f  a c t i v i t i e s  u s in g  com puter  
program m ing t o  te a c h  th e  c o n c e p t o f  v a r i a b l e  a r e  
e s s e n t i a l .  I f  t e a c h e r s  use t h e  te c h n o lo g y  a v a i l a b l e  
c o r r e c t l y ,  th e n  s tu d e n ts  c o u ld  be p o s i t i v e l y  i n f l u e n c e d  by 
i t  (Fey e t  a l . ,  1 9 8 4 ) .  C o r b i t t  (1 9 8 5 )  recommends t h a t  
co m puters  s h o u ld  be used t o  f a c i l i t a t e  an e a r l y  
i n t r o d u c t i o n  o f  a lg e b r a i c  c o n c e p ts  such as  v a r i a b l e  in  th e  
e le m e n ta r y  s c h o o l .
The e f f e c t i v e n e s s  o f com puter program m ing  a c t i v i t i e s  
t o  enhance t h e  q u a l i t y  o f  m a th e m a t ic s  i n s t r u c t i o n ,  and 
more s p e c i f i c a l l y  t o  te a c h  t h e  c o n c e p t  o f  v a r i a b l e ,  m ight  
be in f l u e n c e d  by s e v e r a l  f a c t o r s .  R e s e a r c h e r s  need t o  
e x p lo r e  co m p u ter  programming a p p ro a c h e s  t o  t e a c h in g  th e  
c o n ce p t o f  v a r i a b l e  and how w e l l  t h e y  f a c i l i t a t e  s t u d e n t s '  
u n d e r s ta n d in g  o f  t h e  c o n c e p t .  T h e re  a r e  s e v e r a l  l e a r n i n g  
t h e o r i e s  t h a t  m ig h t  be used as  a c o n c e p tu a l  fra m ew o rk  f o r
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s tu d y in g  t h e  e f f e c t i v e n e s s  o f  com puter program m ing  on 
t e a c h in g  t h e  c o n c e p t  o f  v a r i a b l e .  B lo o m 's  (1 9 7 6 )  t h e o r y  
of L e a r n i n g - f o r - M a s t e r y  i s  one o f  th e s e  t h e o r i e s .  Bloom  
s u g g e s ts  t h a t  by m a tc h in g  t h e  o p p o r t u n i t y  t o  l e a r n  ( t im e  
on t a s k )  and t h e  q u a l i t y  o f  i n s t r u c t i o n ,  t e a c h e r s  s h o u ld  
be a b le  t o  e n s u re  m a s te ry  by t h e  s t u d e n t .  In  t h i s  r e g a r d ,  
com puter program m ing can im p ro ve  t h e  q u a l i t y  o f  
i n s t r u c t i o n  by p r o v i d in g  a c o n c r e t e  model and a d i r e c t  
a p p l i c a t i o n  o f  t h e  c o n c e p t  t h a t  a te x tb o o k -b a s e d  ap p ro ach  
can n o t  m a tch .
Bloom (1 9 7 6 )  a ls o  s t a t e s  t h a t  i f  t h e  o p p o r t u n i t y  t o  
l e a r n  and a p p r o p r i a t e  a c t i v i t i e s  a r e  used t o  te a c h  
m a th e m a t ic s ,  t h r e e  f a c t o r s  sh o u ld  a c c o u n t f o r  most o f  t h e  
v a r i a t i o n  among s t u d e n t s  i n  a c h ie v e m e n t .  The v a r i a b l e s  
i d e n t i f i e d  by Bloom a r e  c o g n i t i v e  e n t r y  b e h a v io r  ( t h e  
e x t e n t  t o  w h ich  t h e  s t u d e n t  has m a s te re d  p r e r e q u i s i t e  
know ledge  and s k i l l s ) ,  a f f e c t i v e  e n t r y  b e h a v io r  ( t h e  
e x t e n t  t o  w h ich  t h e  s t u d e n t  i s  w i l l i n g  t o  engage a c t i v e l y  
in  t h e  l e a r n i n g  p r o c e s s ) ,  and th e  q u a l i t y  o f  i n s t r u c t i o n  
( t h e  e x t e n t  t o  w h ich  i n s t r u c t i o n  i s  a p p r o p r i a t e  t o  th e  
s t u d e n t ) .  T he  p r e r e q u i s i t e  know ledge and s k i l l s  needed  in  
a co m p u ter  t a s k  can be k e p t  m in im al by u s in g  a s im p le  and 
p r a c t i c a l  co m p u te r  la n g u a g e .  In  g e n e r a l ,  com puter  
program m ing  a c t i v i t i e s  p r o v id e  f o r  t h e  a f f e c t i v e  e n t r y .  
S tu d e n ts  a r e  w i l l i n g  t o  p a r t i c i p a t e  i n  co m p u ter  a c t i v i t i e s  
and f i n d  them m o t i v a t i o n a l .
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T h e re  i s  a need t o  a n a ly s e  t h e  im p a c t  a t  new 
t e c h n o lo g ie s  and a p p ro a c h e s  t o  t h e  t e a c h in g  o t  m a th e m a tic s  
c o n c e p ts  such as " v a r i a b l e . "  M o re o v e r , t h e r e  i s  a need t o  
compare th e  e t t e c t i v e n e s s  o t  program m ing as  an 
i n s t r u c t i o n a l  a p p ro ac h  w i t h  t r a d i t i o n a l  t e x t b o o k - b a s e d  
e x e r c is e s  t o r  t e a c h in g  m a th e m a t ic s  c o n c e p ts .  LOGO i s  a 
p r o c e d u ra l  and g r a p h i c a l  com puter  program m ing la n g u a g e  
a v a i l a b l e  t o r  use  on m ic ro c o m p u te rs .  A p r o c e d u re  t h a t  t h e  
com puter can s t o r e  t o  be used a t  a l a t e r  t im e  i s  d e t in e d  
as a group o t  one o r  more i n s t r u c t i o n s  t o  t h e  co m p u te r .  
LOGO makes i t  p a s s i b l e  t o r  b e g in n e r s  t o  l e a r n  t o  program  
in  a r e l a t i v e l y  s h o r t  p e r io d  o t  t im e .
A ls o ,  t h i s  co m p u te r  la n g u a g e  a l lo w s  l e a r n e r s  t o  o rd e r  
a " t u r t l e "  t o  move t o r w a r d  o r  backward and t u r n  l e t t  or  
r i g h t ;  t o r  e x a m p le ,  t h e  command FORWARD 20  w i l l  t e l l  th e  
t u r t l e  t o  move t o r w a r d  20  t u r t l e  s t e p s .  The t u r t l e  i s  a 
t r i a n g u l a r  t i g u r e  d i s p la y e d  on t h e  com puter  s c re e n  in  th e  
draw mode o t  LOGO. In  t h i s  s e t t i n g ,  v a r i a b l e s  can be used  
in  program s t o  make g e o m e t r ic  shapes o t  any  g iv e n  s i z e .
For e xa m p le ,  s t u d e n t s  can w r i t e ,  r u n ,  and e d i t  a program  
t h a t  makes s q u a re s  o t  any  g iv e n  s i z e .
The s tu d y  o t  how LOGO g r a p h ic s  i n s t r u c t i o n  a t t e c t s  
s t u d e n t s '  u n d e r s t a n d in g  o t  t h e  c o n ce p t o t  v a r i a b l e  has n o t  
been s t u d ie d  t h o r o u g h ly .  S e v e r a l  s t u d i e s  h ave  s u g g e s te d  
t h a t  s t u d e n t s  can en h an ce  t h e i r  u n d e r s ta n d in g  o t  
m a th e m a tic a l  c o n c e p ts  th r o u g h  com puter p ro g ram m in g .
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C le m e n t ,  Lockhead 8< Sol away (1 9 8 2 )  w i t h  f i f t h  g r a d e r s  
u s in g  BASIC, O prea  (1 9 8 5 )  w i th  s i x t h  g r a d e r s  a l s o  u s in g  
BASIC, and M i l n e r  (1 9 7 2 )  w i th  c o l l e g e  s t u d e n t s  u s in g  LOGO 
have  found  a p o s i t i v e  c o r r e l a t i o n  betw een  program m ing  
a b i l i t y  and u n d e r s t a n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e .  The  
r e s u l t s  o f  t h e  p r e s e n t  s tu d y  w ould  r e i n f o r c e  p r e v io u s  
f i n d i n g s  and g e n e r a l i s e  t h e  t h e o r y  t o  a l a r g e r  p o p u la t io n  
u s in g  a n o th e r  co m p u ter  program m ing la n g u a g e .
Computer program m ing m ig h t n o t  o n ly  p r o v i d e  an 
e f f e c t i v e  model t o  l e a r n  m a th e m a t ic s ,  b u t  a ls o  i t  m ig h t  
h e lp  s t u d e n t s  r e t a i n  what th e y  h ave  l e a r n e d  (C r u ik s h a n k ,  
F i t z g e r a l d  & J e n s e n ,  1 9 8 0 ) .  S t u d e n t s '  r e t e n t i o n  o f  t h e i r  
u n d e r s ta n d in g  o f  t h e  c o n ce p t o f  v a r i a b l e  c o u ld  be enhanced  
by t h e  c o n c r e t e  e x p e r ie n c e s  p r o v id e d  by co m p u ter  
program m ing a c t i v i t i e s  i n v o l v i n g  v a r i a b l e s .  M o r e o v e r , how 
s t u d e n t s  l e a r n  a c o n c e p t  o r  s k i l l  m ig h t  be an im p o r t a n t  
f a c t o r  when t r y i n g  t o  remember what t h e y  h a ve  le a r n e d  
(C r u ik s h a n k ,  F i t z g e r a l d  & J e n s e n ,  1 9 8 0 ) .
Most r e s e a r c h e r s  in  t h i s  a r e a  h a ve  c o n c e n t r a t e d  t h e i r  
e f f o r t s  on i n v e s t i g a t i o n s  o f  g e n e r a l  t r a n s f e r  o f  
program m ing s k i l l s  t o  m a th e m a t ic s .  T r a n s f e r  o f  
program m ing s k i l l s  t o  o t h e r  nonprogramming  a c t i v i t i e s  such  
as p ro b le m  s o l v i n g ,  g e n e r a l  m a th e m a t ic s ,  a lg e b r a  and 
c a l c u l u s  has  been fo u n d  d i f f i c u l t  t o  a c c o m p lis h  even f o r  
a d u l t  p rogram m ers  (L e c u y e r ,  1977 ; R o b i t a i l l e ,  S h e r r i l l  & 
Kaufm an, 1 97 7 ;  R onan , 1 9 7 1 ) .  S t u d ie s  o f  n o v ic e  and
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e x p e r t  program m ers have  shown t h a t  th e  c la im e d  t r a n s f e r  o f  
program m ing s k i l l s  t o  nonprogram m ing a c t i v i t i e s  m ig h t  n o t  
o c c u r  u n le s s  s t u d e n t s  h a ve  a c q u i r e d  a h ig h  l e v e l  o f  
p r o f i c i e n c y  in  com puter  p rogram m ing . T h e r e f o r e ,  s t u d e n t s  
m ig h t  need more t im e  th a n  w hat i s  g iv en  in  o r d e r  t o  
d e v e lo p  t h e  r e q u i r e d  program m ing  e x p e r t i s e .
A n a ly s in g  s t u d e n t s '  g a in s  in  u n d e rs ta n d in g  th e  
c o n c e p t  o f  v a r i a b l e  th r o u g h  com puter program m ing  
a c t i v i t i e s  in s t e a d  o f  a n a l y z i n g  s tu d e n t s '  g e n e r a l  g a in s  in  
m a th e m a t ic s  a c h ie v e m e n t  i s  an exam ple o f  t h e  " m ic ro "  
t r a n s f e r  a p p ro a c h .  T he  m ic ro  t r a n s f e r  ap p ro ac h  has  been  
fo u n d  u s e f u l  in  r e s e a r c h  g iv e n  t h e  d i f f i c u l t y  o f  s t u d y in g  
macro t r a n s f e r  e f f e c t s .  A lo o k  a t  t r a n s f e r  o f  s p e c i f i c  
program m ing s k i l l s  has  been su g g ested  as a more  
a p p r o p r i a t e  ap proach  t o  a n a ly z e  t r a n s f e r  o f  program m ing  
s k i l l s  t o  nonprogram m ing a c t i v i t i e s .  The a p p ro ac h  fo c u s e s  
on s i n g l e  m a th e m a t ic s  c o n c e p ts  le a rn e d  th ro u g h  program m ing  
and i s o l a t e s  s p e c i f i c  f a c t o r s  t h a t  may c o n t r i b u t e  t o  t h e  
d e ve lo p m e n t o f  more g e n e r a l  a b i l i t i e s  ( B i l l i n g s ,  1983;  
H u n g a te ,  1982 ; S w ig g e r  & C a m p b e ll ,  1 9 8 1 ) .  The s tu d y  o f  
n o v ic e  p ro g ra m m e rs ' t r a n s f e r  o f  v a r i a b l e  p e r c e p t io n  
th ro u g h  program m ing a c t i v i t i e s  m ight g iv e  some i n s i g h t  on 
how t r a n s f e r  o f  s p e c i f i c  c o n c e p ts  o c c u rs ,  and what  
program m ing e x p e r t i s e  s t u d e n t s  need t o  make such  t r a n s f e r .
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The p u rp o s e  o f  t h i s  re s e a c h  was t o  i n v e s t i g a t e  
w h e th e r  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  
u n d e r s ta n d in g  t h e  c o n c e p t  o f  v a r i a b l e  and i n  a t t i t u d e s  
to w a rd  m a th e m a tic s  among s i x t h  g ra d e  s t u d e n t s  who used  
LOGO g r a p h ic s  (co m p u ter  g r o u p ) , s t u d e n t s  who used  
n o n -c o m p u te r  a c t i v i t i e s  ( t e x t b o o k  g r o u p ) ,  and s t u d e n t s  who 
r e c e iv e d  no i n s t r u c t i o n  t o  l e a r n  t h e  c o n c e p t  o f  v a r i a b l e  
( c o n t r o l  g r o u p ) .  In  a d d i t i o n ,  t h e  s t r e n g t h  o f  t h e  
r e l a t i o n s h i p  betw een  s t u d e n t s '  p o s t t e s t  and r e t e n t i o n  t e s t  
s c o re s  and t h e i r  p r e - t r e a t m e n t  s c o re s  was a n a ly s e d .
i
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B lo o m 's  (1 9 7 6 )  t h e o r y  o f  L e a r n in g - f a r — M a s te ry  
p r o v id e s  a u s e f u l  c o n c e p tu a l  f ra m e w o rk  t o  a n a ly s e  t h e  
i n s t r u c t i o n a l  e f f e c t i v e n e s s  o f  a t e x tb o o k -b a s e d  a p p ro ac h  
and a com puter program m ing a p p ro ac h  t o  te a c h  t h e  c o n c e p t  
o f v a r i a b l e  t o  s i x t h  g ra d e  s t u d e n t s ,  and t o  d e p i c t  th e  
c o g n i t i v e  and a f f e c t i v e  v a r i a b l e s  in c lu d e d  in  t h e  s t u d y .
Bloom (1 9 7 6 )  c o n s id e r s  s t u d e n t s '  c o g n i t i v e  and 
a f f e c t i v e  e n t r y  l e v e l s  as  i m p o r t a n t  f a c t o r s  a f f e c t i n g  
l e a r n i n g  ou tcom es. A c c o rd in g  t o  Bloom ( 1 9 7 6 ) ,  s t u d e n t s  
e n t e r  each new l e a r n i n g  t a s k  w i t h  a p a r t i c u l a r  h i s t o r y  o f  
p r e v io u s  d e v e lo p m e n t and l e a r n i n g .  T h is  p r e v io u s  h i s t o r y  
w i l l  d e te r m in e  t h e  n a t u r e  o f  t h e  s t u d e n t s '  i n t e r a c t i o n  
w i t h  t h e  l e a r n i n g  a c t i v i t i e s  and l e a r n i n g  o u tco m e s . The
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d ia g ra m  sum m arizes  th e s e  r e l a t i o n s h i p s  r e l a t i v e  t o  th e  
d e s ig n  o f  t h i s  s tu d y .
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The h y p o th e s e s  o f  t h i s  s t u d y  a r e  p r e s e n te d  in  t h r e e  
s e c t i o n s .  The f i r s t  s e c t io n  p r e s e n t s  h y p o th e s e s  r e l a t e d  
t o  t r e a t m e n t  e f f e c t s  on s t u d e n t s '  u n d e r s ta n d in g  o f  th e  
c o n c e p t  o f  v a r i a b l e  a t  t h e  end o f  t r e a t m e n t .  The second  
s e c t i o n  p r e s e n t s  h y p o th e s es  r e l a t e d  t o  t r e a t m e n t  e f f e c t s  
on s t u d e n t s '  u n d e rs ta n d in g  o f  t h e  c o n c e p t o f  v a r i a b l e  
t h r e e  weeks a f t e r  t r e a t m e n t .  The f i n a l  s e c t io n  p r e s e n ts  a 
h y p o t h e s is  r e l a t e d  t o  t r e a t m e n t  e f f e c t  on s t u d e n t s '  
a t t i t u d e s  to w a rd  m a th e m a tic s  t e s t e d  a t  t h e  end o f  t h e  
t r e a t m e n t .
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IC § l t m e n t _ E f f e c t s _ a t _ t h e _ E n d _ o f _ t h e _ S t y d y
H y p o th e s is  1 ; S tu d e n ts  r e c e i v i n g  com puter  
program m ing  i n s t r u c t i o n  w i l l  d e m o n s tra te  g r e a t e r  
u n d e r s ta n d in g  o f  t h e  co n cep t o f  v a r i a b l e  on t h e  p o s t t e s t  
th a n  s t u d e n t s  r e c e i v i n g  te x tb o o k -b a s e d  i n s t r u c t i o n .
I t  was e x p e c te d  t h a t  s t u d e n t s  r e c e i v i n g  program m ing  
i n s t r u c t i o n  w ou ld  have g r e a t e r  u n d e rs ta n d !n g  o-f th e  
c o n c e p t o-f v a r i a b l e  th a n  s tu d e n ts  r e c e i v i n g  t e x tb o o k -b a s e d  
i n s t r u c t i o n  and s tu d e n t s  r e c e i v i n g  no i n s t r u c t i o n  ( c o n t r o l  
group s t u d e n t s )  on t h e  c o n ce p t o f  v a r i a b l e .  I n  B lo o m 's  
(1 9 7 6 )  t e r m s ,  c o m p u te r  program m ing would p r o v id e  f o r  
im p ro v in g  t h e  q u a l i t y  o f  i n s t r u c t i o n .  LOGO co m p u ter  
program m ing p r e s e n t s  c o n c r e te  p ro p s  t h a t  c o u ld  p r o v id e  f o r  
s i x t h  g ra d e  s t u d e n t s '  u n d e rs ta n d in g  o f  t h e  c o n c e p t  o f  
v a r i a b l e .  T h e se  c o n c r e te  p ro p s  a r e  v i s u a l  r e p r e s e n t a t i o n s  
o f t h e  e f f e c t  o f  chang ing  t h e  v a lu e  o f  a v a r i a b l e  i n  a 
LOGO p r o c e d u r e  t h a t  t h e  s t u d e n t s  can m a n ip u la t e .  The 
s tu d e n t s  w i l l  be a b le  t o  see  how c h a n g in g  t h e  v a l u e  o f  a 
v a r i a b l e  ch an g es  th e  d e s ig n  on t h e  co m p u ter  s c r e e n .  T h is  
p r o v id e s  a t h i n k i n g  model t h a t  m ig h t h e lp  s t u d e n t s  
u n d e rs ta n d  and a p p ly  th e  c o n c e p t  o f  v a r i a b l e  i n  d i f f e r e n t  
s i t u a t i o n s .  T h i s  approach  would be more e f f e c t i v e  th a n  
t h e  t e x t b o o k  a p p ro ac h  w hich la c k s  c o n c r e t e  p ro p s  as th e  
ones p r e s e n t e d  by t h e  LOGO g r a p h ic s .  Some s i x t h  g ra d e  
s t u d e n t s  a r e  c a p a b le  o f  fo r m a l  re a s o n in g  b u t  s t i l l  r e q u i r e  
c o n c r e t e  e x p e r ie n c e s  in  o r d e r  t o  l e a r n  c o n c e p ts  ( I n h e l d e r
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and P i a g e t ,  1 9 5 8 ) .  These  s tu d e n ts  p r o - f i t  more -from 
l e a r n i n g  a c t i v i t i e s  t h a t  i n c o r p o r a t e  c o n c r e t e  and r e a l  
w o r ld  e x p e r ie n c e s  based  on 's tu d e n ts '  c o n c e p tu a l  
o r i e n t a t i o n  ( P i a g e t ,  1 9 7 6 ) .  Computer program m ing c o u ld  
p r o v id e  s i x t h  g ra d e  s t u d e n t s  t h e  p r o p e r  e x p e r ie n c e s  which  
c o u ld  enhance t h e i r  in v o lv e m e n t  i n  t h e  a c t i v i t i e s  ( t im e  on 
t a s k )  and u n d e r s t a n d in g  o f  t h e  c o n c e p t o f  v a r i a b l e .
H y p o th e s is  2 : S tu d e n ts  r e c e i v i n g  com puter
program m ing i n s t r u c t i o n  w i l l  d e m o n s tra te  g r e a t e r  
u n d e rs ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  on t h e  p o s t t e s t  
th a n  s t u d e n ts  r e c e i v i n g  no i n s t r u c t i o n  on t h e  c o n c e p t  of  
v a r i a b l e  ( c o n t r o l  g roup  s t u d e n t s ) .
I t  was e x p e c te d  t h a t  s t u d e n t s  r e c e i v i n g  com puter  
program m ing i n s t r u c t i o n  would have g r e a t e r  u n d e r s t a n d in g  
o f  t h e  c o n c e p t o f  v a r i a b l e  th a n  s t u d e n t s  r e c e i v i n g  no 
i n s t r u c t i o n .  In  o t h e r  w o rd s , i t  was e x p e c te d  t h a t  some 
i n s t r u c t i o n  would be more e f f e c t i v e  th a n  no i n s t r u c t i o n  a t  
a l l .  A ls o ,  t h i s  p r o v id e s  c o n t r o l  f o r  p o s s i b l e  e f f e c t s  due 
t o  m a tu r a t io n  and h i s t o r y  d u r in g  t h e  t r e a t m e n t .  The  
s tu d e n ts  m ig h t h ave  a g r e a t e r  u n d e r s ta n d in g  o f  t h e  c o n ce p t  
o f  v a r i a b l e  even w i t h o u t  h a v in g  t h e  t r e a t m e n t .
H y p o th e s is  5 ; S tu d e n ts  r e c e i v i n g  
te x tb o o k -b a s e d  i n s t r u c t i o n  w i l l  d e m o n s t ra te  g r e a t e r  
u n d e rs ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  on t h e  p o s t t e s t  
th a n  s tu d e n ts  r e c e i v i n g  no i n s t r u c t i o n  on t h e  c o n c e p t  of  
v a r i a b l e  ( c o n t r o l  g ro u p  s t u d e n t s ) .
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As i n  th e  case  o-f t h e  h y p o t h e s is  a b o ve , i t  was 
e x p e c te d  t h a t  some i n s t r u c t i o n  would be more e - f - f e c t iv e  
th a n  no i n s t r u c t i o n  a t  a l l .  I f  t h e  te x tb o o k  approach  w ere  
more e f f e c t i v e  th a n  no i n s t r u c t i o n  on th e  c o n ce p t o f  
v a r i a b l e ,  then s tu d e n t s  r e c e i v i n g  te x tb o o k -b a s e d  
i n s t r u c t i o n  should  d e m o n s t r a te  g r e a t e r  u n d e rs ta n d in g  on 
t h e  p o s t t e s t .
lL g ® tm e n t_ E f fe c t s _ X h r e e _ W e e k s _ a f t e r _ I r e a tm e n t
H y p o th e s is  4 ; S tu d e n ts  r e c e i v i n g  programming  
. i n s t r u c t io n  w i l l  d e m o n s t ra te  g r e a t e r  u n d e rs ta n d in g  o f  t h e  
c o n c e p t  o f  v a r i a b l e  on t h e  r e t e n t i o n  t e s t  ( t h r e e  weeks  
a f t e r  t r e a tm e n t )  th a n  s t u d e n t s  r e c e i v i n g  te x tb o o k -b a s e d  
i n s t r u c t i o n .
I t  was e x p e c te d  t h a t  s t u d e n t s  r e c e i v i n g  com puter  
program m ing i n s t r u c t i o n  w ould  n o t  o n ly  o u tp e r fo r m  s t u d e n t s  
r e c e i v i n g  te x tb o o k -b a s e d  i n s t r u c t i o n  a t  th e  end o f  
t r e a t m e n t  but a ls o  would o u tp e r fo r m  s tu d e n ts  r e c e i v i n g  
t e x tb o o k -b a s e d  i n s t r u c t i o n  t h r e e  weeks a f t e r  t r e a t m e n t .
I t  was suspected  t h a t  s t u d e n t s '  u n d e r s ta n d in g  o f  th e  
c o n c e p t  o f  v a r i a b l e  th ro u g h  program m ing a c t i v i t i e s  was 
more perm anent.
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H y p o th e s is  5 ; S tu d e n ts  r e c e i v i n g  program m ing  
i n s t r u c t i o n  w i l l  d e m o n s t r a te  g r e a t e r  u n d e r s ta n d in g  o f  th e  
c o n c e p t o f  v a r i a b l e  on t h e  r e t e n t i o n  t e s t  ( t h r e e  weeks  
a f t e r  t r e a t m e n t )  th a n  s t u d e n t s  r e c e i v i n g  no i n s t r u c t i o n  on 
t h e  c o n ce p t o f  v a r i a b l e  ( c o n t r o l  group s t u d e n t s ) .
As w i t h  t h e  h y p o t h e s is  d e a l in g  w i t h  s t u d e n t s '  
p o s t t e s t  s c o r e s ,  i t  was e x p e c te d  t h a t  com puter  program m ing  
i n s t r u c t i o n  was more e f f e c t i v e  th a n  no i n s t r u c t i o n  on th e  
c o n c e p t  o f  v a r i a b l e .  T h is  a ls o  p r o v id e s  c o n t r o l  f o r  
p a s s i b l e  e f f e c t s  due t o  m a t u r a t io n  o r  h i s t o r y .
H y p o th e s is  6 ; S tu d e n ts  r e c e i v i n g  
te x tb o o k -b a s e d  i n s t r u c t i o n  w i l l  d e m o n s tra te  g r e a t e r  
u n d e r s t a n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  on t h e  r e t e n t i o n  
t e s t  ( t h r e e  weeks a f t e r  t r e a t m e n t )  th a n  s t u d e n t s  r e c e i v i n g  
no i n s t r u c t i o n  on t h e  c o n c e p t  o f  v a r i a b l e  ( c o n t r o l  group  
s t u d e n t s ) .
I t  was e x p e c te d  t h a t  s t u d e n t s  r e c e i v i n g  
t e x t b o o k - b a s e d  i n s t r u c t i o n  would n o t  o n l y  h ave  g r e a t e r  
u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  b u t  a ls o  would  
r e t a i n  t h e i r  u n d e r s t a n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  
t h r e e  weeks a f t e r  t r e a t m e n t .  The q u a l i t y  o f  i n s t r u c t i o n  
and t im e  on t a s k  w e re  c o n s id e r e d  more e f f e c t i v e  i n  t h e  
t e x tb o o k  a p p ro ac h  th a n  w i t h  no i n s t r u c t i o n  on t h e  c o n c e p t  
o f  v a r i a b l e .
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H y p o th e s is  7 s S tu d e n ts  r e c e i v i n g  programming  
i n s t r u c t i o n  w i l l  have  more p o s i t i v e  a t t i t u d e s  to w a rd  
m a th e m a tic s  a t  t h e  end o f  t h e  t r e a t m e n t  th a n  s tu d e n ts  
r e c e i v i n g  te x t b o o k - b a s e d  i n s t r u c t i o n  o r  no i n s t r u c t i o n  on 
t h e  c o n c e p t o f  v a r i a b l e .
I t  was e x p e c te d  t h a t  s t u d e n t s  r e c e i v i n g  program m ing  
i n s t r u c t i o n  would have  more p o s i t i v e  a t t i t u d e s  tow ard  
m a th e m a tic s  a t  t h e  end o f  t h e  t r e a t m e n t  because  o f  t h e  
m o t iv a t in g  e f f e c t s  co m p u te rs  h a ve  on s t u d e n t s .  The  
com puter program m ing  e f f e c t  on some com ponents o f s ch o o l  
m a th e m a tic s  i s  p r i m a r i l y  a f f e c t i v e  ( P a p e r t ,  1 9 8 0 ) .  P a p e r t  
(1 9 8 0 )  s u g e s ts  t h a t  "many c h i l d r e n  h a v e  come t o  t h e  LOBO 
la b  h a t in g  numbers as  a l i e n  o b j e c t s  and h ave  l e f t  lo v in g  
them" (p .  6 8 ) .
SuggIemental._Re5earch_0uest i.ons
The f o l l o w i n g  r e s e a r c h  q u e s t io n s  w ere  a n a ly s e d  u s in g  
d a ta  fro m  t h e  s e m a n t ic  d i f f e r e n t i a l  a f f e c t i v e  s c a l e ,  and  
t e s t  o f  a c h ie v e m e n t ,  l o g i c a l  t h i n k i n g ,  and u n d e rs ta n d in g  
o f t h e  m a th e m a t ic s  c o n c e p t  " v a r i a b l e "  ( p o s t t e s t  and 
r e t e n t i o n  t e s t ) .  Bloom (1 9 7 6 )  s t a t e d  t h a t  i f  t h e  
o p p o r t u n i t y  t o  l e a r n  and a p p r o p r i a t e  a c t i v i t i e s  a r e  used  
t o  te a c h  m a th e m a t ic s ,  t h r e e  v a r i a b l e s  s h o u ld  acco u n t f o r  
most o f  t h e  v a r i a t i o n  among s t u d e n t s '  g a in s  i n  
u n d e r s t a n d in g .  The v a r i a b l e s  i d e n t i f i e d  by Bloom a r e
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c o g n i t i v e  e n t r y  b e h a v i o r ,  a f f e c t i v e  e n t r y  b e h a v io r  and 
q u a l i t y  o-f i n s t r u c t i o n .  Two v a r i a b l e s  w ere  in c lu d e d  as  
i n d i c a t o r s  o f  s t u d e n t s '  c o g n i t i v e  e n t r y  b e h a v io r ,  
m a th e m a tic s  a c h ie v e m e n t  and l o g i c a l  t h i n k i n g ,  and 
a f f e c t i v e  e n t r y  b e h a v io r .
E § L § t i 2 Q § U iE _ b e tw e e n _ P g s t te s t_ a n d _ R e te n t ig n _ T e s t_ B c g r e s  
§Qd _F'r e - 1  r  e a t  men t_B c  o r e s
Two s u p p le m e n ta l  q u e s t io n s  w ere  r e l a t e d  t o  s t u d e n t s '  
s c o re s  in  t h e  a f f e c t i v e  s c a l e .  They w ere  t h e  f o l l o w i n g :
(1 ) What i s  t h e  r e l a t i o n s h i p  betw een  s t u d e n t s '  p o s t t e s t  
s c o re s  by t r e a t m e n t  g roup  and t h e i r  s c o r e s  i n  t h e  
a f f e c t i v e  s c a le ? ;  (2 )  What i s  t h e  r e l a t i o n s h i p  betw een  
s t u d e n t s '  r e t e n t i o n  t e s t  s c o re s  by t r e a t m e n t  group  and 
t h e i r  s c o re s  on t h e  a f f e c t i v e  s c a le ?  S t u d e n t s '  a f f e c t i v e  
e n t r y  was c o n s id e r e d  as  one o f  t h e  v a r i a b l e s  t h a t  would  
e x p l a i n  some o f  t h e  v a r i a t i o n  among s t u d e n t s '  l e a r n i n g  o f  
th e  c o n ce p t o f  v a r i a b l e  j u s t  a f t e r  t r e a t m e n t  and t h r e e  
weeks a f t e r  t r e a t m e n t .  I t  was e x p e c te d  t h a t  s t u d e n t s '  
a f f e c t i v e  e n t r y  b e h a v io r  would have  a s i g n i f i c a n t  p o s i t i v e  
r e l a t i o n s h i p  t o  s t u d e n t s '  g a in s  i n  u n d e r s t a n d in g  o f  t h e  
c o n c e p t  o f  v a r i a b l e  a t  t h e  end o f  t h e  t r e a t m e n t  and t h r e e  
weeks a f t e r  t r e a t m e n t .
The n e x t  tw o s u p p le m e n ta l  q u e s t io n s  w ere  r e l a t e d  t o  
s t u d e n t s '  m a th e m a t ic s  a c h ie v e m e n t:  (1 )  What i s  th e
r e l a t i o n s h i p  b e tw een  s t u d e n t s '  p o s t t e s t  s c o r e s  by
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t r e a t m e n t  group and t h e i r  s c o re s  i n  th e  m a th e m a tic s  
a c h ie v e m e n t  t e s t ? ;  <2) What i s  t h e  r e l a t i o n s h i p  between  
s t u d e n t s '  r e t e n t i o n  t e s t  s c o re s  by  t r e a t m e n t  group  and 
t h e i r  s c o r e s  in  t h e  m a th e m a t ic s  a c h ie v e m e n t  t e s t ?  
M a th e m a t ic s  a c h ie v e m e n t  was one o f  t h e  c o g n i t i v e  e n t r y  
b e h a v io r s  c o n s id e r e d  i n  t h e  s t u d y .  I t  was e x p e c te d  t h a t  
m a th e m a t ic s  a c h ie v e m e n t  s h o u ld  a c c o u n t  -for some o f  th e  
v a r i a t i o n  among s t u d e n t s '  g a in s  i n  u n d e r s ta n d in g  of th e  
c o n c e p t  o f  v a r i a b l e  a t  t h e  end o f  t h e  t r e a t m e n t  and t h r e e  
weeks a f t e r  t r e a t m e n t .  A s i g n i f i c a n t  p o s i t i v e  
r e l a t i o n s h i p  c o u ld  im p ly  t h a t  m a th e m a t ic s  ach ievem ent was 
a s i g n i f i c a n t  f a c t o r  in  e x p l a i n i n g  v a r i a t i o n  in  s t u d e n ts '  
p e r fo rm a n c e  and i t  s h o u ld  be t a k e n  i n t o  a c c o u n t  when 
c o n s id e r in g  t h e  i n t r o d u c t i o n  o f  p rogram m ing a c t i v i t i e s  
i n v o l v i n g  v a r i a b l e s  t o  s i x t h  g ra d e  s t u d e n t s .
The f i n a l  tw o s u p p le m e n ta l  q u e s t io n s  exam ined were  
r e l a t e d  t o  s t u d e n t s '  l o g i c a l  t h i n k i n g :  (1 )  What i s  t h e
r e l a t i o n s h i p  betw een  s t u d e n t s '  p o s t t e s t  s c o r e s  by  
t r e a t m e n t  group  and t h e i r  s c o r e s  i n  t h e  l o g i c a l  t h in k in g  
t e s t ? ;  (2 )  What i s  t h e  r e l a t i o n s h i p  b e tw een  s t u d e n ts '  
r e t e n t i o n  t e s t  s c o re s  by t r e a t m e n t  g ro u p  and t h e i r  s c o re s  
in  t h e  l o g i c a l  t h i n k i n g  t e s t ?  A n o th e r  c o g n i t i v e  e n t r y  
b e h a v io r  c o n s id e r e d  i n  t h e  s t u d y  was l o g i c a l  t h in k in g .  
S i x t h  g ra d e  s t u d e n t s  a r e  in  a  t r a n s i t i o n  f ro m  c o n c re te  
o p e r a t i o n a l  t o  fo rm a l  o p e r a t i o n a l  th o u g h t  ( In h e ld e r  and  
P i a g e t ,  1 9 5 8 ) .  These s t u d e n t s  a r e  c a p a b le  o f  fo rm a l
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r e a s o n in g ,  b u t  th e y  can s t i l l  p r o - f i t  -from c o n c r e t e  
e x p e r ie n c e s .  The com puter p rogram m ing  ap p ro ach  p r o v id e s  a 
c o n c r e t e  model from  w hich  s t u d e n t s  can l e a r n  th e  c o n c e p t  
of v a r i a b l e .  Work w i t h  t h e  t u r t l e  p r o v id e s  s p e c i f i c  
i n t u i t i v e  m ode ls  f o r  complex m a th e m a t ic a l  c o n c e p ts  most 
c h i l d r e n  f i n d  d i f f i c u l t ,  as  i s  t h e  c a s e  o f  t h e  c o n c e p t  o f  
v a r i a b l e  f o r  s i x t h  g ra d e  s t u d e n t s  ( P a p e r t ,  1 9 8 0 ) .  The  
u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  i s  f a c i l i t a t e d  by  
u s in g  LOGO co m p u ter  program m ing  ( P a p e r t ,  1 9 8 0 ) .  A 
s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  c o u ld  im p ly  t h a t  some 
l o g i c a l  t h i n k i n g  i s  r e q u i r e d  f ro m  t h e  s t u d e n t s  i n  o r d e r  
f o r  them t o  l e a r n  th e  c o n c e p t  o f  v a r i a b l e  th ro u g h  
program m ing a c t i v i t i e s .
L im i£ § t io n § _ g f _ t h e _ B t u d y
1. G e n e r a l i s a t i o n s  a r e  l i m i t e d  t o  s i x t h  g ra d e  
s t u d e n t s  f ro m  t h e  B aton  Rouge, L o u i s i a n a ,  m e t r o p o l i t a n  
a r e a  w i t h  no o r  v e r y  l i m i t e d  e x p e r ie n c e  i n  com puter  
program m ing i n  LOGO o r  any o t h e r  c o m p u te r  la n g u a g e .
2 .  The program m ing i n s t r u c t i o n  i s  l i m i t e d  t o  
f e a t u r e s  in c lu d e d  in  t h e  t u r t l e  g r a p h ic  c a p a b i l i t i e s .
3 .  W h i le  t h e  e x p e r im e n t a l  u n i t  was t h e  s tu d e n t  and 
t h e  a c t i v i t i e s  w ere  d e s ig n e d  t o  a l l o w  f o r  in d e p e n d e n t  
w o rk ,  u n c o n t r o l l e d  t e a c h e r  e f f e c t  on g ro u p s '  p e r fo rm a n c e  
m ig h t  have a c c o u n te d  f o r  some o f  t h e  v a r i a t i o n s  among 
s t u d e n t s '  u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  a t  t h e
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end o f  t h e  t r e a t m e n t .
0§§yQ5E£iQQS
1. Random a s s ig n m e n t o f  t h e  s t u d e n t s  t o  th e  
d i f f e r e n t  g ro u p s  w i l l  p r o v id e  homogeneous g ro u p s .
2 .  The program m ing i n s t r u c t i o n ,  i f  a n y ,  s tu d e n ts  
r e c e i v e  p r i o r  t o  t h e  s tu d y  has a l i m i t e d  e f f e c t  on 
s t u d e n t s '  co m p u ter  program m ing a b i l i t y  and m a th e m a t ic s  
u n d e r s t a n d in g .
3 .  P r i o r  l e a r n i n g  o f  th e  c o n ce p t " v a r i a b l e "  w i l l  
have a l i m i t e d  e f f e c t  on s t u d e n t s '  u n d e r s ta n d in g  o f  t h e  
c o n c e p t .
B § f iQ i fc i9 Q _ 2 i_ I§ Q D §
Q2 Q]Eklte r _ P r g g r a m m in g _ X n s t r u c t io n  -  I n s t r u c t i o n  
w i l l  fo c u s  on t h e  t e a c h in g  o f  LOGO g r a p h ic s  commands and 
t h e  c o n c e p t o f  v a r i a b l e  in  a g u id e d  d is c o v e r y  a p p ro a c h .
The t e a c h e r  w i l l  g u id e  s t u d e n t s '  u n d e r s ta n d in g  o f  th e  
commands, h e l p in g  them t o  overcome p o s s i b l e  m is c o n c e p t io n s  
t h a t  may a r i s e  when w o rk in g  th ro u g h  t h e  le s s o n s .
2 .  V a r i a b l e  -  A symbol used t o  r e p r e s e n t  an y  v a lu e  
o f a g iv e n  s e t .
3 .  Domain -  The s e t  o f  a l l  p o s s i b l e  v a lu e s  t h a t  t h e  
v a r i a b l e  can assume.
4 .  LOGO -  A p r o c e d u r a l  com puter la n g u a g e .  One o f  
t h e  f e a t u r e s  o f  LOGO i s  " t u r t l e  g r a p h i c s . "  The d i s p l a y
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c r e a t u r e  in  t h e  t u r t l e  g r a p h ic s  i s  a t r i a n g u l a r  - f ig u r e  
known as t h e  " t u r t l e . "  The t u r t l e  r e s i d e s  on t h e  com puter  
scre e n  in  t h e  draw  mode o f  LOGO. The t u r t l e  g r a p h ic s  
a l lo w  t h e  l e a r n e r s  t o  o r d e r  t h e  t u r t l e  t o  move f o r w a r d  and 
backward and t u r n  l e f t  o r  r i g h t .  The u s e r  can h a ve  t h e  
t u r t l e  l e a v e  t r a c k s  ( l i n e s )  on th e  s c re e n  when i t  moves, 
o r  t h e  t u r t l e  can be t o l d  t o  move w i t h o u t  l e a v i n g  t r a c k s .
5 .  y n d e r s ta n d i .n g _ o f_ th e _ C g n c e g t_ o f_ V a r i .a b le  -  
S tu d e n ts '  u n d e r s t a n d in g  o f  t h e  co n cep t o f  v a r i a b l e  w i l l  be 
measured w i t h  a t e s t  d e v is e d  by t h e  i n v e s t i g a t o r .
I§ L tb g g k -b a s e d _ A B g rg a c h  -  i n s t r u c t i o n  w i l l  fo c u s  
on t h e  t e a c h in g  t h e  c o n c e p t  o f  v a r i a b l e  in  a noncom puter  
e n v iro n m e n t .  The t e a c h e r  r o l e  i s  t o  g u id e  s t u d e n t s '  
l e a r n i n g  o f  t h e  c o n c e p t  o f  v a r i a b l e  and t o  overcom e t h e  
s t u d e n t s '  m is c o n c e p t io n s .
Summary
Computer program m ing p r o v id e s  a c o n c r e t e  embodiment 
of m a th e m a t ic s  c o n c e p ts  such as " v a r i a b l e , "  o r  a t  l e a s t  a 
c o n c r e te  v i s u a l i s a t i o n ,  and a c t i v i t i e s  t h a t  make s tu d e n t  
l e a r n i n g  more m e a n in g fu l  ( H a r t ,  1 9 8 1 ) .  T h e re  i s  a common 
p e d a g o g ic a l  i n t u i t i o n  among e d u c a to rs  t h a t  program m ing  
a c t i v i t i e s  h e lp  s t u d e n t s '  f a c i l i t y  in  t h e  use  o f  
m a th e m a t ic a l  c o n c e p ts  and s k i l l s  and i n  t h e i r  
u n d e r s ta n d in g  o f  t h e  way p a r t i c u l a r  m a th e m a t ic a l  c o n c e p ts  
o p e r a t e  ( H a r t ,  1 9 8 1 ) .  Some o f  t h e  c la im s  h a ve  been
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i n v e s t i g a t e d  th r o u g h  r e s e a r c h ,  b u t  t h e r e  i s  i n c o n c lu s iv e  
e v id e n c e  o-f t h e  e f f e c t s  o-f com puter program m ing on 
s t u d e n t s '  m a th e m a t ic a l  d e v e lo p m e n t .  The few  c o n t r o l l e d  
r e s e a r c h  s t u d i e s  c o n d u c te d  in  t h i s  a r e a  g i v e  o n ly  g e n e ra l  
d i r e c t i o n  c o n c e r n in g  t h e  p a s s i b l e  c o g n i t i v e  b e n e f i t 's  o f  
program m ing . The p ro p o s e d  r e s e a r c h  s tu d y  i s  e s s e n t i a l  i f  
t e a c h e r s  and e d u c a t o r s  want t o  use c o m p u te rs  s u c c e s s f u l l y  
in  th e  c la s s ro o m  t o  enhance  s t u d e n t s '  l e a r n i n g  o f  
m a th e m a t ic s .  C le m e n ts  and G u l lo  (1 9 8 4 )  s t a t e  t h a t  
"com puters  w i l l  soon be an i n t e g r a l  p a r t  o f  t h e  c la s s ro o m  
and home e n v iro n m e n t  o f  c h i l d r e n ,  y e t  t h e r e  a r e  unanswered  
q u e s t io n s  c o n c e r n in g  t h e i r  e f f e c t  on young c h i l d r e n ' s  
c o g n i t io n "  (p .  1 0 5 1 ) .  A ls o ,  a t t e n t i o n  s h o u ld  be g iv e n  t o  
s t u d e n t s '  c h a r a c t e r i s t i c s .
B lo o m 's  (1 9 7 6 )  t h e o r y  o f  L e a r n i n g - f o r - M a s t e r y  was 
used as  a t h e o r e t i c a l  f ra m e w o rk .  S t u d e n t s '  c o g n i t i v e  
e n t r y  (m a th e m a t ic s  a c h ie v e m e n t  and l o g i c a l  t h i n k i n g )  and 
a f f e c t i v e  e n t r y  b e h a v io r s  w ere  c o n s id e r e d  as p o s s ib le  
f a c t o r s  e x p l a i n i n g  v a r i a t i o n s  among s t u d e n t s '  g a in s  in  
u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  a t  t h e  end of th e  
t r e a t m e n t  and t h r e e  weeks a f t e r  t r e a t m e n t .  The f o l l o w i n g  
c h a p t e r  r e v ie w s  t h e  l i t e r a t u r e  t h a t  r e l a t e s  t o  t h e  concept  
o f v a r i a b l e  as  i t  i s  used in  m a th e m a t ic s ,  t h e  use  o f  
com puter p rogram m ing  t o  enhance  s t u d e n t s '  u n d e r s ta n d in g  o-i 
m a th e m a t ic s ,  and t h e  r e l a t i o n s h i p  b e tw een  memory and 
l e a r n i n g .
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CHAPTER 2 
R e v ie w  o-f t h e  L i t e r a t u r e
iQfeLSduction
The c e n t r a l  p r e m is e  o-f t h i s  r e v ie w  i s  t h a t  com puter  
programming has some c o g n i t i v e  e-f-fect on s t u d e n t s '  
u n d e rs ta n d in g  o-f m a th e m a t ic s .  T h is  c h a p t e r  r e v ie w s  
l i t e r a t u r e  t h a t  r e l a t e s  t o  t h e  c o n c e p t  o-f v a r i a b l e ,  t h e  
use o-f com puter program m ing  t o  enhance s t u d e n t s '  
u n d e rs ta n d in g  o f  m a th e m a t ic s ,  and t h e  r e l a t i o n s h i p  betw een  
l e a r n i n g  and memory.
V a r ia b le s _ iQ _ M a th e m a t i .e s  
T h is  s e c t i o n  r e v ie w s  r e s e a r c h  t h a t  r e l a t e s  t o  th e  
c o n ce p t o f  v a r i a b l e  i n  m a th e m a t ic s .  The fo c u s  w i l l  be on 
d e f i n i n g  th e  c o n c e p t  o f  v a r i a b l e ,  t h e  c o n c e p t  o f  v a r i a b l e  
in  te x t b o o k s ,  and s t u d e n t s '  m is c o n c e p t io n s  o f  t h e  c o n c e p t  
o f  v a r i a b l e .
D §fiQ LQ 9_tb ig_Q 9D ceB t_o f _ V a r i a b l e
D e f in in g  t h e  c o n c e p t  o f  v a r i a b l e  i s  a d i f f i c u l t  t a s k .  
C o l l i s  (1 9 75 )  i d e n t i f i e d  t h e  c o n c e p t  o f  v a r i a b l e  as  one o f  
t h e  ways l i t e r a l  sym b o ls  can be i n t e r p r e t e d  i n  a lg e b r a .
H is  id e a s  have  h e lp e d  t o  r e f i n e  t h e  te rm  " v a r i a b l e "  and t o  
u n d e rs ta n d  t h e  ways s t u d e n t s  use  l i t e r a l  s y m b o ls .  He 
d e s c r ib e d  s ix  ways s t u d e n t s  use  l i t e r a l  sym b o ls :  l e t t e r
24
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e v a l u a t e d ,  l e t t e r  ig n o r e d  (n o t  u s e d ) ,  l e t t e r  as o b j e c t ,  
l e t t e r  as  s p e c i f i c  unknown, l e t t e r  as g e n e r a l i s e d  number, 
and l e t t e r  as  v a r i a b l e .  The f i r s t  t h r e e  a r e  ways c h i ld r e n  
may i n t e r p r e t  l e t t e r s  t o  a v o id  t h e  fo r m a l  t h e o r e t i c a l  
u n d e r s ta n d in g  i m p l i c i t  i n  a g iv e n  t a s k .  The o t h e r  t h r e e  
a r e  d i f f e r e n t  t h e o r e t i c a l  uses  o f  l e t t e r s  i n  a lg e b r a  and 
r e q u i r e  a h ig h e r  l e v e l  o f  a b s t r a c t i o n .
V a r i a b l e s  h a ve  a ls o  been d e f in e d  as  p l a c e h o l d e r s .
T h is  id e a  has been used t o  a rg u e  t h a t  l i t e r a l  numbers a r e  
e s s e n t i a l l y  j u s t  l i k e  v e r b a l  e x p r e s s io n s  and t h a t  
m a th e m a t ic s  i s  a  la n g u a g e  i n  w hich v a r i a b l e s  a r e  an 
e s s e n t i a l  p a r t  (Bebermart, 1964; G u p ta ,  198 0 ; H o c k e t t ,  
1967; The la n g u a g e  o f  m a th e m a t ic s ,  g r a d e s  6 - 1 2 .
1981; R u s s e l l ,  1940 ; T a r s k y ,  1 9 4 1 ) .  In  t h i s  c o n t e x t ,  
v a r i a b l e s  a r e  c a l l e d  p r o -n u m e r a ls  t o  make an a n a lo g y  w i th  
t h e  p ro n o u n s  in  t h e  E n g l is h  la n g u a g e .  Wagner ( 1 9 8 3 ) ,  
h o w e ve r ,  i n d i c a t e s  t h a t  p la c e h o ld e r  i s  an im p o r t a n t  
c h a r a c t e r i s t i c  o f  l i t e r a l  s ym b o ls ,  b u t  t h a t  i t  o v e r s t a t e s  
t h e  s i m i l a r i t y  be tw een  l e t t e r s  and w o rd s ,  and u n d e r s t a t e s  
t h e  power o f  l i t e r a l  sym b o ls .
O th e r  d e f i n i t i o n s  can be fo u n d  i n  s e v e r a l  books and 
d i c t i o n a r i e s  (G ib s o n ,  1981; G le n n ,  1 943 ; M a rk s ,  1966;  
Young, 1 9 1 6 ) .  Th ese  s o u rc e s  g iv e  a d e q u a te  d e f i n i t i o n s  o f  
t h e  c o n c e p t  o f  v a r i a b l e  and p r o v id e  e x a m p le s  o f  t h i s  
c o n c e p t .  In  g e n e r a l ,  th e  a u th o r s  d e f i n e  " v a r i a b l e "  as a
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l e t t e r  o r  symbol t h a t  may d e s ig n a t e  o r  r e p r e s e n t  any  v a lu e  
in  a g iv e n  o r  s p e c i f i e d  s e t  o-f numbers.
Tonnessen <1980) s t a t e s  t h a t  a v a l i d  d e f i n i t i o n  o f  
th e  c o n ce p t o f  v a r i a b l e  must i n c o r p o r a t e  t h e  c o n c e p ts  o f  
symbol and d o m a in ,  and t h a t  th e s e  c o n c e p ts  a r e  c o n n e c te d  
by th e  r e l a t i o n a l  c o n c e p t  " r e p r e s e n t s  any e le m e n t  o f . "
The i n v e s t i g a t o r  i n d i c a t e s  t h a t  t h e  d e f i n i n g  a t t r i b u t e  " i s  
used t o  r e p r e s e n t  an a r b i t r a r y  e le m e n t  o f  a g iv e n  s e t "  and 
i s  one o f  t h e  c r i t i c a l  a t t r i b u t e s  o f  t h e  c o n c e p t  o f  
v a r i a b l e .  The f o l l o w i n g  f i v e  i r r e l e v a n t  a t t r i b u t e s  w ere  
a ls o  i d e n t i f i e d :  k in d  o f  v a r i a b l e ,  w h e th e r  t h e  symbol i s
la b e le d  " c o n s t a n t ; "  w h e th e r ,  f o r  a g iv e n  e q u a t i o n ,  an 
a r b i t r a r y  e le m e n t  o f  t h e  domain i s  a s o l u t i o n ;  and 
w h eth er any o f  t h e  e le m e n ts  o f  th e  d o m a in , when 
s u b s t i t u t e d ,  r e s u l t  i n  an u n d e f in e d  e x p r e s s io n .
T o n n e s s e n 's  d e f i n i t i o n  i n c o r p o r a t e s  t h e  c o n c e p ts  o f  symbol 
and domain w i t h o u t  i d e n t i f y i n g  t h e  c o n c e p t  o f  v a r i a b l e  as 
e i t h e r :
^ v a r i a b l e  i s  an o rd e re d  p a i r  ( x ,  D ( X ) )  w h ere  x i s  
a symbol and D (x )  i s  a s e t  w i t h  a t  l e a s t  tw o  
e le m e n t s ,  such t h a t  x r e p r e s e n t s  any o f  t h e  
e le m e n ts  o f  t h e  s e t  D < x ) .  The s e t  D (x )  i s  c a l l e d  
t h e  dom ain o f  x ,  and e le m e n ts  o f  D (x )  a r e  c a l l e d
t h e  v a lu e s  o f  x (p .  1 0 ) .
T h is  d e f i n i t i o n  d e s c r ib e s  v a r i a b l e  as  an o r d e r e d  p a i r  
and makes e x p l i c i t  t h e  in t e r c o n n e c t e d n e s s  o f  dom ain and
sym bol. I t  i s  n o t  c o n s i s t e n t  w i t h  t h e  c o n v e n t io n a l
p r a c t i c e s  o f  l a b e l i n g  t h e  symbol as " v a r i a b l e . "  No
tpr- • :
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r e s e a r c h  e v id e n c e  was fo u n d  r e g a r d in g  t h e  e d u c a t i o n a l  
u t i l i t y  o f  t h i s  d e f i n i t i o n .  The f o l l o w i n g  s e c t i o n  
exam in es  t h e  d e f i n i t i o n s  g iv e n  t o  t h e  c o n c e p t  o f  v a r i a b l e  
in  e le m e n ta r y  and s e c o n d a ry  s choo l t e x t b o o k s .
Ihe_CgnceEt_of _VariabJ^_i.n_Jextbogks
S in c e  t h e  p r e s e n t  i n v e s t i g a t i o n  i s  more c o n ce rn e d  
w ith  t h e  t e a c h in g  o f  t h e  c o n ce p t o f  v a r i a b l e  a s  i t  i s  
ta u g h t  in  e le m e n t a r y  and s e c o n d a ry  s c h o o ls ,  d e f i n i t i o n s  
from  t e x t b o o k s  a t  t h e s e  l e v e l s  a r e  most r e l e v a n t .  Four  
c a t e g o r i e s  o f  t e x t b o o k s  were r e v ie w e d :  1) e le m e n t a r y
s choo l te x t b o o k s  ( f ro m  f i r s t  g ra d e  t o  e i g h t h  g r a d e )  
( E ic h o ls  e t  a l . , 198 7 ; N ic h o ls  e t  a l . , 1985 ; F'ayne e t  
a l . ,  1 9 8 5 ) ;  2 )  g e n e r a l  m a th e m a tic s  ( B e r a r d i , J o n e s  &
F o s t e r ,  1982 ; B e r a r d i , Jones S< F o s t e r ,  198 3 ; Keedy e t  
a l . ,  1 9 8 3 ) ;  3 )  a lg e b r a  one and p r e - a l g e b r a  (C o x fo rd  &
P ayn e , 1983a ; F o s t e r ,  R a th  & W in t e r s ,  198 3 a ;  N ic h o ls  e t  
a l . ,  1980 ; P e a r s o n ,  D u f f y  & M c C a f f e r y ,  1 9 8 4 a ;  P r i c e ,  
R ath  8< L e s c h e n s k y ,  1 9 8 2 ) ;  4 ) a lg e b r a  and t r i g o n o m e t r y
(C o x fo rd  £< F'ayne, 1 983b ; F o s t e r ,  R a th  ?< W i n t e r s ,  1983b;  
Johnson e t  a l . ,  1 982 ; K eedy, B i t t i n g e r  and S m it h ,  1982;  
N i c h o l s ,  Edwards & H e n r y ,  1982; P e a r s o n ,  D u f f y  & 
M c C a f fe y ,  1 9 8 4 b ) .
In  e le m e n t a r y  s c h o o l t e x t b o o k s ,  t h e  c o n c e p t  o f  
v a r i a b l e  i s  i n d i r e c t l y  p r e s e n te d  i n  books one th ro u g h  s ix  
and in t r o d u c e d  somewhat f o r m a l l y  l a t e r  i n  books seven  and
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e i g h t .  In  b ooks  one th ro u g h  s i x ,  t h e  c o n c e p t  o f  v a r i a b l e  
i s  used as a p la c e h o ld e r  o r  b la n k  t o  d e v e lo p  t h e  id e a  o f  
m is s in g  v a l u e  i n  a d d i t i o n ,  s u b t r a c t i o n ,  m u l t i p l i c a t i o n ,  
and d i v i s i o n .  For e x a m p le ,  2 + Q  = 11. T h is  id e a  i s  
used b a s i c a l l y  t o  d e m o n s tra te  th e  r e l a t i o n s h i p  betw een  
a d d i t i o n  and s u b t r a c t i o n ,  and m u l t i p l i c a t i o n  and d i v i s i o n .  
I t  i s  a ls o  used t o  h e lp  s tu d e n ts  r e c a l l  f a c t  f a m i l i e s .  
L i t e r a l  sym b o ls  a r e  n o t  used in  th e s e  t e x t b o o k s .
The use  o f  v a r i a b l e s  in  t h i s  c o n t e x t  does  n o t  h e lp  
s tu d e n t s  l e a r n  t h e  r e l a t i o n a l  c o n ce p t " r e p r e s e n t s  any  
e le m e n t  o f . "  The s t u d e n t s  "m e re ly  r e v ie w  t h e  a r i t h m e t i c  
f a c t s  s t o r e d  in  t h e i r  memory; t h e r e f o r e ,  t h e i r  g u e s s in g  
o f t h e  answ er amounts t o  m enta l c o m p u ta t io n "  (H e r s c o v ic s  & 
K ie r e n ,  1 9 8 0 ,  p .  5 7 3 ) .  These s o l u t i o n s ,  w h ich  a r e  based  
on n u m e r ic a l  v a l u e s ,  c an n o t be d e s c r ib e d  a s  a l g e b r a i c  
p ro c e s s e s .  T h i s  i s  e v id e n c e d  by t h e  f a c t  t h a t  t h e  same 
s t u d e n t s  who s o lv e  t h i s  ty p e  o f  e x e r c i s e  c o r r e c t l y  cannot  
s o lv e  s i m i l a r  e q u a t io n s  when l a r g e  numbers a r e  in v o lv e d  
( H e r s c o v ic s  8< K i e r e n ,  1 9 8 0 ) .
U s u a l l y ,  t h e  c o n c e p t  o f  v a r i a b l e  i s  in t r o d u c e d  
somewhat f o r m a l l y  i n  books seven and e i g h t  o f  t h e  
e le m e n t a r y  s c h o o l t e x t b o o k s ,  ft d e f i n i t i o n  o f  t h e  co n cep t  
o f  v a r i a b l e  f o l lo w e d  by exam ples  a r e  so m etim es  g iv e n .  As 
i n  t h e  d e f i n i t i o n s  exam ined in  t h e  p r e v io u s  s e c t i o n ,  th e  
c o n c e p t  o f  v a r i a b l e  was d e f in e d  as  a symbol t h a t  may 
r e p r e s e n t  any  number i n  a g iv e n  s e t .  A n o th e r  t y p e  o f
Err-
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e x e r c is e  u s u a l l y  p r e s e n te d  i s  t o  e v a l u a t e  e x p r e s s io n s  f o r  
a g iv e n  v a r i a b l e ;  f o r  e x a m p le ,  i n  t h e  e x p r e s s io n  X + 4 =
12 , what i s  t h e  v a l u e  o f  X?
In  t h e  t e x t b o o k s  r e l a t e d  t o  g e n e r a l  m a th e m a t ic s ,  
a lg e b r a  o n e ,  p r e - a l g e b r a ,  a lg e b r a ,  and t r i g o n o m e t r y , a 
s i m i l a r  d e f i n i t i o n  was g iv e n  t o g e t h e r  w i t h  e x a m p le s  and 
e x e r c is e s .  A l s o ,  t h e  c o n c e p t  i s  used i n  a l g e b r a i c  
e q u a t io n s ,  f u n c t i o n s ,  and f o r m u la s .  N o n e x a m p le s ,  and 
e x p l a n a t i o n s  o f  why an exam ple  i s  an e xa m p le  w e re  n o t  
g iv e n  i n  t h e s e  t e x t b o o k s .  A d e f i n i t i o n  i d e n t i f i e s  th e  
n e c e s s a ry  and s u f f i c i e n t  c o n d i t i o n s ,  and t h e  exa m p les  
c l a r i f y  them . H o w e v e r ,  i f  re a s o h s  a r e  g iv e n  f o r  th e  
e x a m p le s ,  t h e s e  r e i n f o r c e  t h e  n e c e s s a ry  o r  s u f f i c i e n t  
c o n d i t i o n s  (C o o n ey , D a v is  8< H e n d e rs o n , 1 9 7 5 ) .
A c c o rd in g  t o  C ooney , D a v is  and H en d erso n  (1 9 7 5 )  th e  
d e f i n i t i o n s  g iv e n  t o  t h e  c o n c e p t  o f  v a r i a b l e  i n  th e s e  
t e x tb o o k s  a r e  a r b i t r a r y  and e le g a n t  moves s in c e  th e y  
em ploy a minimum o f  la n g u a g e ,  b u t  t h e  v e r y  e le g a n c e  o f  
t h e s e  d e f i n i t i o n s  may be a b lo c k  t o  l e a r n i n g .  Some 
s t u d e n t s  m ig h t  be  c o n fu s e d  by u s in g  t h i s  t y p e  o f  
d e f i n i t i o n ,  o r  m ig h t  n o t  u n d e rs ta n d  t h e  l o g i c  and essence  
o f t h e  d e f i n i t i o n .  S t u d e n t s '  m is c o n c e p t io n s  o f  t h e  
c o n c e p t  o f  v a r i a b l e  c o u ld  be r e l a t e d  t o  how t h e y  i n t e r p r e t  
th e s e  d e f i n i t i o n s .  The use o f  i n s t r u c t i o n a l  m odels  t o  
te a c h  t h e  c o n c e p t  m ig h t  h e lp  s t u d e n t s  u n d e r s t a n d  th e
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a l g e b r a i c  p r o c e s s e s  in v o lv e d  and a v o id  m is le a d in g  
c o n c e p t io n s .
S tu d en ts ^ _M i_ s cg n ce Q tig n s _Q £ _ th e _ C g n c e g it_o £_ y ar  i  abl. e
Most o f  t h e  r e s e a r c h  i n  t h e  a r e a  o f  t h e  c o n c e p t  o f  
v a r i a b l e  i s  r e l a t e d  t o  i d e n t i f y i n g  s t u d e n t s '  
m is c o n c e p t io n s  in  u n d e r s ta n d in g  t h i s  c o n c e p t .  C a r p e n te r  
e t  a l . (1 9 8 1 )  r e p o r t e d  r e s u l t s  o f  t h e  N a t i o n a l  Assessment
o f  E d u c a t io n a l  P r o g r e s s .  The in s t r u m e n t  used c o n ta in e d  85  
e x e r c is e s  in te n d e d  t o  m easure s t u d e n t s '  a b i l i t y  t o  work  
w ith  th e  c o n c e p ts  o f  v a r i a b l e  and r e l a t i o n s h i p .  Most o f  
th e  e x e r c is e s  d e a l t  w i t h  a lg e b r a i c  c o n c e p ts  and  
m a n ip u la t io n s ,  and w i t h  b a s ic  v a r i a b l e  c o n c e p ts .  The  
f o l l o w i n g  c a t e g o r i e s  w ere  in c lu d e d !  v a r i a b l e s  in  
e q u a t io n s  and i n e q u a l i t i e s ,  v a r i a b l e s  used t o  r e p r e s e n t  
e le m e n ts  o f  a number s y s te m , f u n c t i o n s  and f o r m u l a s ,  and 
c o o r d in a t e  s y s te m s .  T h i r t e e n -  and s e v e n t e e n - y e a r - o l d  
s tu d e n ts  w ere  i n c lu d e d  i n  t h e  s am p le . The s e v e n t e e n - y e a r  
o ld  s t u d e n t s '  p e r fo rm a n c e  was a ls o  a n a ly z e d  based on 
m a th e m a tic s  c o u rs e  b a ck g ro u n d .
The i n v e s t i g a t o r s  fo u n d  t h a t  most o f  t h e  1 3 -ye a r— o ld  
s tu d e n ts  c o u ld  s o l v e  s im p le  l i n e a r  e q u a t io n s  i n t u i t i v e l y ,  
b u t  th e y  d id  n o t  a p p e a r  t o  know fo r m a l  p r o c e d u re s  f o r  
f i n d i n g  s o l u t i o n s  t o  more complex e q u a t io n s .  Few er th a n  
50  p e r c e n t  o f  t h e  1 7 - y e a r - o l d  s t u d e n t s  w i t h  a y e a r  o f  
a lg e b r a  c o u ld  s y s t e m a t i c a l l y  s o lv e  l i n e a r  e q u a t io n s ;  66
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p e r c e n t  o-f th o s e  w i t h  tw o y e a r s  o-f a lg e b r a  c o u ld  do t h i s  
ta s k  e - f - f e c t i v e ly .  The i n v e s t i g a t o r s  argued  t h a t  t h i s  
d i f f e r e n c e  c o u ld  be r e l a t e d  t o  t h e  a d d i t i o n a l  i n s t r u c t i o n  
th e  s t u d e n t s  r e c e iv e d ;  g e n e r a l l y ,  t h e  most c a p a b le  
s tu d e n ts  a r e  t h e  ones who t a k e  a second c o u rs e  in  a lg e b r a .  
The i n v e s t i g a t o r s  a ls o  fo u n d  t h a t  p e r fo rm a n c e  on a lg e b r a  
p ro b le m s  was c o n s i s t e n t l y  lo w ,  and t h e  f o r m a t  o f  t h e  
pro b lem  s i g n i f i c a n t l y  a f f e c t e d  p e r fo rm a n c e .  S tu d e n ts  
ap p eared  t o  be more f a m i l i a r  w i t h  u s in g  a box r a t h e r  th a n  
a l e t t e r  t o  r e p r e s e n t  a v a r i a b l e .  S e v e n te e n -y e a r— o ld  
s t u d e n t s '  p e r fo rm a n c e  was fo u n d  t o  be r e l a t e d  t o  c o u rs e  
b a ck g ro u n d .
Tonnessen (1 9 8 0 )  c o n d u c te d  a  s tu d y  t o  m easure t h e  
l e v e l s  o f  a t t a in m e n t  by c o l l e g e  m a th e m a t ic s  s t u d e n t s  o f  
th e  c o n c e p t  o f  v a r i a b l e .  E i g h t  c r i t e r i a  w ere  fo r m u la t e d  
t o  a s s e s s  t h e  a t t a in m e n t  o f  t h e  c o n c e p t  o f  v a r i a b l e ,  f o u r  
c o r r e s p o n d in g  t o  c o n c e p t  a c q u i s i t i o n  and f o u r  t o  c o n c e p t  
use . A c q u i s i t i o n  o f  t h e  c o n c e p t  was d e te rm in e d  by t h e  
f o l l o w i n g  c r i t e r i o n  t a s k s :  c o n c e p t  i d e n t i f i c a t i o n ,
f o r m u l a t i o n  o f  t h e  c o n c e p t ,  and p o s i t i o n i n g  t h e  c o n c e p t  o f  
v a r i a b l e  w i t h i n  a h i e r a r c h y  o f  c o n c e p ts .  C oncept use  was 
d e te rm in e d  by t h e  f o l l o w i n g  c r i t e r i o n  t a s k s :  d e t e r m in in g
t h e  e q u iv a le n c e  o f  v a r i a b l e  e x p r e s s io n s ,  s u b s t i t u t i n g  t h e  
same v a l u e  f o r  a v a r i a b l e  each p la c e  th e  v a r i a b l e  o c c u rs  
in  a  g iv e n  d is c u s s io n ,  c l a s s i f y i n g  e x p r e s s io n s  as  p h ra s e s  
o r as  open o r  c lo s e d  s e n t e n c e s ,  and d e t e r m in in g  when two
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e x p r e s s io n s  a r e  r e l a t e d  by a change o f  v a r i a b l e .  The 
l e v e l  o f  m a th e m a t ic s  c o n s id e r e d  t o  d e v e lo p  t h e s e  c r i t e r i o n  
t a s k s  was p r e - c a l c u l u s  c o l l e g e  a lg e b r a .
The c r i t e r i o n  t a s k s  w ere  used t o  assess  s t u d e n t s '  
a t t a in m e n t  o f  a c o r r e c t  o r  u n g e n e r a l is e d  c o n c e p t  o f  
v a r i a b l e .  A r e f i n e d  c o n c e p t io n  o f  t h e  c o n c e p t  o f  v a r i a b l e  
r e f e r s  t o  t h e  know ledge  a p e rs o n  has when h e /s h e  
u n d e rs ta n d s  t h e  c r i t i c a l  a t t r i b u t e  o f  th e  c o n c e p t  t o  be 
c r i t i c a l  and t h e  i r r e l e v a n t  a t t r i b u t e s  t o  be  i r r e l e v a n t .
An u n g e n e r a l is e d  c o n c e p t io n  o f  v a r i a b l e  i s  t h e  know ledge  a  
person  has when h e /s h e  u n d e rs ta n d s  t h e  c r i t i c a l  a t t r i b u t e  
t o  be c r i t i c a l  b u t  a l s o  c o n s id e r s  one o r  more o f  th e  f i v e  
i r r e l e v a n t  a t t r i b u t e s  t o  be c r i t i c a l  t o  t h e  c o n c e p t .
The sam p le  was composed o f  t h e  f o lo w in g  s u b g ro u p s !
2 02  a lg e b r a  s t u d e n t s ,  178 t r ig o n o m e t r y  s t u d e n t s ,  and 186  
c a l c u l u s  s t u d e n t s  f ro m  t h e  U n i v e r s i t y  o f  W is c o n s in .  Two 
e q u i v a l e n t  fo rm s  o f  a p a p e r  and p e n c i l  t e s t  w ere  
a d m in is te r e d  t o  t h e s e  s t u d e n t s .  The r e l i a b i l i t y  
c o e f f i c i e n t s  (Kuder R ic h a r d s o n -2 0 )  c a l c u l a t e d  f o r  each  
fo rm  o f  t h e  t e s t  ra n g e d  fro m  . 5 3  t o  . 7 1 .  T h ese  
c o e f f i c i e n t s  w ere  c o n s id e r e d  low  by t h e  i n v e s t i g a t o r .  The 
c o n te n t  v a l i d i t y  was c o n s id e r e d  h ig h .
The i n v e s t i g a t o r  fo u n d  a low  l e v e l  o f  c o r r e c t  
re s p o n s e s  on c o n c e p t  a c q u i s i t i o n  i t e m s ,  w h e th e r  t h e  
s ta n d a r d  was a c o r r e c t  o r  an u n g e n e r a l is e d  c o n c e p t io n  o f  
t h e  c o n c e p t  o f  v a r i a b l e .  The mean l e v e l  o f  c o r r e c t
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re sp o n s e s  on t h e s e  i te m s  was c o n s id e r e d  v e r y  lo w  when 
compared t o  p e r fo rm a n c e  on c o n c e p t  use  i t e m s .  T h is  was 
t r u e  -For t h e  t h r e e  p o p u la t io n s  a s s e s s e d .  T h is  f i n d i n g  was 
c o n s id e re d  by t h e  i n v e s t i g a t o r  as  e v id e n c e  t h a t  i t  was n o t  
n e c e s s a ry  t o  h a ve  a c o r r e c t  o r  u n g e n e r a l i z e d  c o n c e p t io n  o f  
v a r i a b l e  i n  o r d e r  t o  use  i t  e f f e c t i v e l y .  T h e re  was no 
s t a t i s t i c a l  e v id e n c e  t o  s u s t a in  t h a t  t h e  l e v e l  o f  c o n ce p t  
a c q u i s i t i o n  can be used t o  p r e d i c t  t h e  l e v e l s  o f  c o n ce p t  
u se . The f i n d i n g s  o f  t h i s  s tu d y  a r e  l i m i t e d  by t h e  f a c t  
t h a t  t h e  ass ess m en t in s t r u m e n t  had a lo w  r e l i a b i l i t y  and 
t h a t  i t  was d e v e lo p e d  f o r  a p a r t i c u l a r  c o l l e g e  l e v e l  
p o p u la t io n .
C le m e n t ,  Lockhead  and Monk (1 9 8 1 )  s t u d ie d  th e
t r a n s l a t i o n  d i f f i c u l t i e s  in  l e a r n i n g  m a th e m a t ic s  t h a t  a r e
r e l e v a n t  t o  a n a ly z e  s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  c o n ce p t
o f  v a r i a b l e .  The w r i t t e n  q u e s t io n s  in c lu d e d  i n  t h i s  s tu d y
a r e  based on a p r i o r  s e r i e s  o f  i n t e r v i e w s  in  w h ich  c o l l e g e
s c ie n c e  s t u d e n t s  w ere  asked t o  t a l k  a lo u d  w h i l e  w o rk in g  on
a s im p le  word p ro b le m  named The S tu d e n ts  and
P r o fe s s o r s  P r o b le m . I t  r e a d s  as  f o l l o w s :
W r i t e  an e q u a t i o n ,  u s in g  t h e  v a r i a b l e s  S and P t o  
r e p r e s e n t  t h e  f o l l o w i n g  s t a t e m e n t :  "A t t h i s
u n i v e r s i t y  t h e r e  a r e  h t im e s  as  many s t u d e n t s  as  
p r o f e s s o r s . "  Use S f o r  t h e  number o f  s t u d e n t s  and 
P f o r  t h e  number o f  p r o f e s s o r s  (p .  2 B 6 ) .
In  th e s e  i n t e r v i e w s ,  fe w e r  th a n  50  p e r c e n t  o f  t h e  s tu d e n ts
c o u ld  s o lv e  t h e  p ro b le m  p r e s e n te d  i n  t h e  i n t e r v i e w .  The
p re d o m in a n t  e r r o r  was r e v e r s in g  t h e  v a r i a b l e  i n  an
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e q u a t i o n ,  6S=P r a t h e r  th a n  &P=S.
The s am p le  used in  th e  s tu d y  c o n s is t e d  o f  150  
c a l c u l u s  l e v e l  s t u d e n t s  and 47  n o n s c ie n c e  m a jo rs  t a k in g  
c o l l e g e  a l g e b r a .  These s t u d e n t s  w e re  t e s t e d  u s in g  a 
w r i t t e n  t e s t  w i t h  word p ro b le m s  s i m i l a r  t o  t h e  one above.  
A ls o ,  15 s t u d e n t s  w ere  asked t o  t h i n k  a lo u d  w h i l e  s o lv in g  
t h e  word p ro b le m s .  The i n v e s t i g a t o r s  fo u n d  t h a t  " th e  
r e v e r s a l  e r r o r  a p p e a rs  t o  b e  due n o t  s im p ly  t o  
c a r e le s s n e s s  b u t  r a t h e r  t o  a s e l f - g e n e r a t e d , s t a b l e ,  and 
p e r s i s t e n t  m is c o n c e p t io n  c o n c e r n in g  t h e  m eaning o f  
v a r i a b l e s  and e q u a t io n s "  (C le m e n t e t  a l . ,  1 9 7 1 ,  p . 2 8 9 ) .  
They  a rg u ed  t h a t  s t u d e n t s  c a n n o t  overcom e th e s e  
m is c o n c e p t io n s  by d o in g  more m a n ip u la t io n  o f  e q u a t io n s ;  
t h i s  t e c h n iq u e  u s u a l l y  does n o t  r e q u i r e  s t u d e n t s  t o  
u n d e rs ta n d  t h e  m eaning o f  an e q u a t io n  and t h e  c o n c e p t o f  
v a r i  a b l e .
R o s n ic k  (1 9 8 1 )  i n v e s t i g a t e d  s t u d e n t s '  m is c o n c e p t io n s  
o f  t h e  c o n c e p t  o f  v a r i a b l e .  A two p a r t  m u l t i p l e  c h o ic e  
t e s t  based on T h e _ S tu d e n ts _ a n d _ P ro fe s s o rs _ P ro b l,e m  above  
was a d m in is t e r e d  t o  33  sophomore and j u n i o r  b u s in e s s  
m a jo rs  in  a  s t a t i s t i c s  c o u r s e .  M ost o f  t h e s e  s tu d e n ts  had 
had tw o s e m e s te rs  o f  c a l c u l u s .  The v e r s io n  o f  t h e  
s t u d e n t s  and p r o f e s s o r s  p ro b le m  r e a d s :  A t t h i s
u n i v e r s i t y ,  t h e r e  a r e  s ix  t im e s  as  many s t u d e n t s  as  
p r o f e s s o r s .  T h is  f a c t  i s  r e p r e s e n t e d  by  t h e  e q u a t io n  
S=6P. P a r t  A asked  t h e  f o l l o w i n g  q u e s t io n :  In  t h i s
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e q u a t io n ,  what does  t h e  l e t t e r  P s ta n d  f o r ?  P a r t  B asked  
th e  f o l l o w i n g  q u e s t io n s  What does t h e  l e t t e r  S s ta n d  f o r ?  
The i n v e s t i g a t o r  fo u n d  t h a t  o v e r  40  p e r c e n t  o f  t h e  
s tu d e n ts  w ere  i n c a p a b le  o f  s e l e c t i n g  "number o f  
p r o f e s s o r s "  as  t h e  o n ly  a p p r o p r i a t e  answ er f o r  P a r t  A.
These s tu d e n t s  used l e t t e r s  t o  r e p r e s e n t  a l e s s  a b s t r a c t  
i d e a ,  " p r o f e s s o r "  o r  " p r o f e s s o r s . "
Over 43  p e r c e n t  o f  t h e  s tu d e n t s  f a i l e d  t o  answer p a r t  
B c o r r e c t l y .  A ls o ,  o v e r  22  p e r c e n t  o f  t h e  s tu d e n ts  chose  
"S s ta n d s  f o r  p r o f e s s o r "  as t h e i r  answ er f o r  p a r t  B.
These same s t u d e n t s  chose  "none o f  t h e  above"  as  t h e i r  
answer f o r  p a r t  A. R o s n ick  argufed t h a t  t h e s e  f i n d i n g s  
s u p p o r t  " t h e  h y p o t h e s is  t h a t  s tu d e n t s  te n d  t o  v ie w  t h e  use  
o f  l i t e r a l  sym b o ls  i n  e q u a t io n s  as  l a b e l s  t h a t  r e f e r  t o  
c o n c r e te  e n t i t i e s "  (p .  4 1 2 ) ,  and t h e  p r e v io u s  f i n d i n g  t h a t  
th e  r e v e r s a l  e r r o r  i s  n o t  a common one b u t  i s  one t h a t  i s  
s e l f - g e n e r a t e d ,  s t a b l e ,  and p e r s i s t e n t .
Wagner (1 9 8 1 )  p r e s e n te d  a u n iq u e  i d e a  c o n c e rn in g  th e  
co n cep t o f  v a r i a b l e .  The o b j e c t i v e s  o f  h e r  c l i n i c a l  
re s e a rc h  w ere  t o  "a )  i l l u s t r a t e  one way o f  e x te n d in g  
P i a g e t ' s  c o n s e r v a t io n  m eth o d o lo g y  fro m  s im p le  c o n c e p ts  t o  
r e l a t e d  c o n c e p t s ,  and b) i n v e s t i g a t e  s t u d e n t s '  a b i l i t y  t o  
c o n s e rv e  e q u a t io n  u n d er a l p h a b e t i c  t r a n s f o r m a t i o n  o f  
l i t e r a l  v a r i a b l e s "  ( p . 1 0 7 ) .  C o n s e r v a t io n  t a s k s  were used  
t o  a s s e ss  s t u d e n t s '  u n d e r s ta n d in g  o f  e q u a t io n  and v a r i a b l e  
by d e t e r m in in g  w h e th e r  o r  n o t  a s t u d e n t  r e a l i z e s  t h a t  th e
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essen ce  o f  t h e  c o n c e p t  ( c r i t i c a l  a t t r i b u t e )  i s  i n v a r i a n t  
under t r a n s f o r m a t i o n s  o-f c e r t a i n  p r o p e r t i e s  ( i r r e l e v a n t  
a t t r i b u t e s )  t h a t  seem t o  be r e l a t e d  t o  t h e  c o n c e p t  b u t  a re  
n o t .  C l i n i c a l  i n t e r v i e w s  w ere  co n d u c te d  w i t h  t h i r t y  
s t u d e n t s ,  h a l f  o f  m id d le  s c h o o l and h a l f  o f  h ig h  s ch o o l  
l e v e l .  One c o n s e r v a t i o n - o f - e q u a t i o n  t a s k  and t h r e e  
c o n s e r v a t i o n - o f - f u n c t i o n  t a s k s  w ere  d e v e lo p e d  and 
a d m in is te r e d  t o  t h e  s t u d e n t s .
The i n v e s t i g a t o r  fo u n d  no s i g n i f i c a n t  a s s o c i a t i o n s  
betw een age group and a b i l i t y  t o  c o n s e rv e  e q u a t io n  o r  
f u n c t i o n .  Some s t u d e n t s  seemed t o  t h i n k  t h a t  c h a n g in g  th e  
l i t e r a l  symbol i n  an e q u a t io n  ta s k  may a ls o  chang e  t h e  
s o l u t i o n  o f  t h e  e q u a t i o n .  T h ese  s t u d e n ts  c o n fu s e d  t h e  
l i n e a r  o rd e r  o f  t h e  a lp h a b e t  w i t h  t h e  l i n e a r  o r d e r  o f  
w hole  numbers t h i n k i n g ,  f o r  e x a m p le ,  t h a t  t h e  e x p r e s s io n  
3W+5 w i l l  g iv e  a r e s u l t  s m a l l e r  th a n  t h e  e x p r e s s io n  3X+3  
because  W comes b e f o r e  X in  t h e  a lp h a b e t .  The s m a l l  s i z e  
and a r b i t r a r y  n a t u r e  o f  t h e  sam ple  w ere  s u g g e s te d  as  
l i m i t a t i o n s  o f  t h e  s t u d y .  A ls o ,  o n ly  one t a s k  o f  each  
ty p e  was used as  a c r i t e r i o n  m easure w h ich  m ig h t  n o t  be  
enough t o  d e c id e  i f  a s t u d e n t  i s  a c o n s e r v e r , n o n c o n s e rv e r  
o r t r a n s i t i o n a l  c o n s e r v e r .
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Summary
R es earch  - f in d in g s  s u g g e s t  t h a t  s tu d e n ts  h a v e  s e v e r a l  
m is c o n c e p t io n s  c o n c e r n in g  t h e  concept o f  v a r i a b l e .  These  
m is c o n c e p t io n s  a r e  c e n t e r e d  on a la c k  o f  u n d e r s t a n d in g  o f  
t h e  a l g e b r a i c  p r o c e s s e s  in v o lv e d  and in  s t u d e n t s '  
c o n fu s io n  w i t h  t h e  d i f f e r e n t  uses o f th e  c o n c e p t .  The  
i n v e s t i g a t o r s  te n d  t o  a g r e e  t h a t  t e a c h e r s  h a ve  an 
im p o r ta n t  r o l e  i n  h e l p in g  s tu d e n ts  a v o id  t h e s e  
m is c o n c e p t io n s .  A p p r o p r ia t e  approaches  t o  t e a c h  t h e  
c o n c e p t o f  v a r i a b l e  a t  v a r io u s  l e v e l s  a r e  n e c e s s a r y  in  
o rd e r  t o  be e f f e c t i v e  i n  t h i s  t a s k .  T h is  i s  r e l a t e d  t o  
B lo o m 's  (1 9 7 6 )  id e a s  o f  t h e  q u a l i t y  o f  i n s t r u c t i o n .  Bloom  
s t a t e s  t h a t  " t h e  i n s t r u c t i o n a l  v a r i a b l e  o f  g r e a t e s t  
im p o r ta n c e  i s  b e l i e v e d  t o  be th e  Q u a l i t y  o f  
I n s t r u c t i o n . t h e  e x t e n t  t o  w hich th e  c u e s ,  p r a c t i c e ,  
and r e in f o r c e m e n t  o f  t h e  l e a r n i n g  a re  a p p r o p r i a t e  t o  th e  
needs o f  t h e  l e a r n e r "  (p .  1 1 ) .
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Comgut e r_ P ro g ra m m in g _ a n d _ M a th e m a ti .e s
T h is  s e c t i o n  r e v ie w s  r e s e a r c h  t h a t  r e l a t e s  t o  t h e  use  
o f  co m p u ter  p rogram m ing  t o  enhance  s t u d e n t s '  u n d e r s t a n d in g  
o f  m a th e m a t ic s .  The f o l l o w i n g  a r e a s  a r e  i n c lu d e d :  
com puter p rogram m ing  used t o  enhance s t u d e n t s '  d e v e lo p m e n t  
o f  g e n e r a l  m a th e m a t ic a l  c o n c e p ts  and s k i l l s ,  com puter  
program m ing used t o  im p ro v e  s t u d e n t s '  m a th e m a t ic s  
a c h ie v e m e n t ,  and c o m p u te r  program m ing and s t u d e n t s '  
pro b le m  s o l v i n g  a b i l i t y .
C gm E u.ter_Prggram m ing_and_M athem ati c s _ C g n c e E t s _ a n d _ B k i i ls
The f o l l o w i n g  d is c u s s io n  a n a ly s e s  s t u d i e s  t h a t  have  
exam ined  t h e  i d e a  o f  u s in g  com puter program m ing  t o  enhance  
s t u d e n t s '  u n d e r s t a n d in g  o f  m a th e m a t ic a l  c o n c e p ts  and 
s k i  1 I s .
In  a c o m p a r a t iv e  s t u d y ,  Washburn (1 9 7 0 )  c o o r d in a t e d  
com puter program m ing  e x e r c is e s  w i t h  m a th e m a t ic a l  t o p i c s  o f  
a p a r t i c u l a r  c o u r s e  a t  j u n i o r  h i g h ,  t w e l f t h - g r a d e ,  and 
c o l l e g e  fre s h m an  l e v e l s .  He t e s t e d  t h e  c la im s  t h a t  
s t u d e n t s '  p ro g ram m in g  s k i l l s  can be used t o  s t r e n g t h e n  
t h e i r  u n d e r s t a n d in g  o f  m a th e m a t ic a l  c o n c e p ts  and t h a t  t h i s  
ap proach  can be s u c c e s s f u l l y  used w i t h  s t u d e n t s  who d i f f e r  
g r e a t l y  in  c h a r a c t e r i s t i c s  (a g e ,  i n t e l l i g e n c e ,  and l e v e l  
o f  m a th e m a t ic a l  a c h ie v e m e n t ) .
The s t u d e n t s  i n  t h e  e x p e r im e n t a l  g ro u p  r e c e iv e d  
i n s t r u c t i o n  i n  t h e  program m ing la n g u a g e  APL and s e t s  o f
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programming e x e r c i s e s .  They w r o te ,  e x e c u te d ,  and 
c o r r e c t e d  c o m p u te r  program s as p a r t  o f  t h e  t r e a t m e n t .  The  
s tu d e n ts  i n  th e  c o n t r o l  g roup w ere  r e q u i r e d  t o  p e r fo rm  
homework a s s ig n m e n ts  o f  a c o n v e n t io n a l  n a t u r e  n o t  r e l a t e d  
t o  com puter  p ro g ram m in g . The e x e r c is e s  w ere  d e v e lo p e d  t o  
r e l a t e  t o  t h e  m a th e m a t ic a l  t o p i c s  th e  s t u d e n t s  e n c o u n te re d  
in  t h e i r  m a th e m a t ic a l  c o u r s e .  A ls o ,  t h e  s t u d e n t s  w ere  
r e q u i r e d  t o  r e - e x a m in e  t h e i r  knowledge and u n d e r s t a n d in g  
o f th e  c o n c e p ts  and s k i l l s  in c lu d e d  in  t h e  c o u r s e .
A p r e -  and p o s t t e s t  i n v o lv i n g  th e  m a th e m a t ic a l  t o p i c s  
c o vered  in  t h e  s tu d y  w ere  a d m in is te r e d  t o  b o th  t h e  
e x p e r im e n t a l  and t h e  c o n t r o l  g ro u p s . A ls o ,  a  t e s t i n g  
in s t r u m e n t  was used t o  m easure s t u d e n t s '  a t t i t u d e s  to w ard  
th e  c o m p u te r -e n r ic h e d  m a th e m a t ic s  program  a p p ro a c h .  The 
i n v e s t i g a t o r  c o n c lu d e d  t h a t  t h e  approach used i n  t h e  s tu d y  
can s t r e n g t h e n  t h e  s t u d e n t s '  u n d e rs ta n d in g  o f  m a th e m a t ic a l  
c o n c e p ts .  T h is  g a in  was fo u n d  t o  be in d e p e n d e n t  o f  
s t u d e n t s '  age and l e v e l  o f  m a th e m a t ic a l  a c h ie v e m e n t .
S e v e r a l  s t u d i e s  h ave  been d eve lo p ed  u s in g  LOGO 
program m ing as  a c o n c e p tu a l  fram ew ork  f o r  t e a c h in g  
m a th e m a t ic s .  F e u r z e ig  e t  a l . (1969 ) i n v e s t i g a t e d  t h e
te a c h in g  o f  m a th e m a t ic s  in  te rm s  of LOGO co m p u ter  
program m ing . They a ls o  e x p lo r e d  means o f  u s in g  t h i s  
com puter la n g u a g e  as  a f o u n d a t io n  f o r  t h e  m a th e m a t ic s  
c u r r ic u lu m .  The  i n v e s t i g a t o r s  suggest t h a t  t e a c h in g  w i t h  
a s u i t a b l e  program m ing  la n g u a g e  can c o n t r i b u t e  t o
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m a th e m atic s  i n s t r u c t i o n  in  s e v e r a l  ways. One o-f th e s e  
ways i s  t h a t  p rogram m ing  can be used t o  g i v e  s t u d e n t s  v e r y  
" s p e c i f i c "  i n s i g h t  i n t o  a number o-f im p o r t a n t  m a th e m a t ic a l  
c o n c e p ts ,  -for e x a m p le ,  t h e  c o n c e p ts  o-f v a r i a b l e  and 
f u n c t i o n .  In  t h e i r  r e p o r t  t h e  i n v e s t i g a t o r s  in c lu d e d  two  
s t u d i e s .
The f i r s t  s tu d y  in v o lv e d  s e c o n d -  and t h i r d - g r a d e  
s tu d e n ts  who w e re  t a u g h t  LOGO program m ing in  a  
n o n - c o n t r o l 1ed e d u c a t io n a l  e n v iro n m e n t .  The i n v e s t i g a t o r s  
assumed t h a t  g iv e n  t h i s  e n v iro n m e n t  t h e  s t u d e n t s  would  
d e v e lo p  " fo r m a l  r e a s o n in g "  a t  a much e a r l i e r  a g e .  The  
i n v e s t i g a t o r s  fo u n d  t h a t  th e s e  s t u d e n t s  l e a r n e d  t h e  
"e le m e n ts "  o f  LOGO program m ing w i t h  e a s e ,  b u t  some o f  them  
co u ld  n o t  l e a r n  t o  w r i t e  o r  "debug" com plex co m p u ter  
program s d u r in g  a s h o r t  p e r io d  o f  t i m e .  They  o b s e rv e d  
t h a t  t h e  s t u d e n t s  a c q u i r e d  a m e a n in g fu l  u n d e r s t a n d in g  o f  
c o n c e p ts  l i k e  v a r i a b l e s ,  f u n c t i o n s  and fo r m a l  p r o c e d u re s  
(though n o t  th o s e  w ords) th ro u g h  LOGO p ro g ra m m in g . The  
i n v e s t i g a t o r s  based t h e i r  f i n d i n g s  on n o n - q u a n t i t a t i v e  o r  
in f o r m a l  o b s e r v a t i o n s  o f  s t u d e n t s  w o rk in g  w i t h  t h e  
co m p u te rs .
The second s tu d y  in v o lv e d  12 s e v e n t h - g r a d e  s t u d e n t s  
(s ix  boys and s ix  g i r l s )  o f  " a v e ra g e "  a b i l i t y .  These  
s tu d e n ts  w ere  ra n d o m ly  s e l e c t e d  f ro m  a p o p u l a t i o n  o f  100  
s e v e n th -g r a d e  s t u d e n t s .  They r e c e iv e d  a t r e a t m e n t  
c o n s i s t i n g  o f  one h o u r  c la s s  d is c u s s io n  and a  h a l f  h o u r  in
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com puter program m ing  f o r  one s e m e s te r .  Most o f  t h e  t im e  
t h e y  worked i n d e p e n d e n t l y ,  b u t  som etim es  t h e y  w orked in  
p a i r s .  The g o a l  o f  t h e  s tu d y  was t o  g i v e  t h e  s t u d e n t s  an 
i n t r o d u c t i o n  t o  h ig h  s c h o o l a lg e b r a  which t h e y  n o r m a l l y  
would n o t h ave  s t u d ie d  b e f o r e  t h e  n i n t h  g r a d e .  The  
i n v e s t i g a t o r s  c o n c lu d e d  f ro m  t h e i r  in f o r m a l  o b s e r v a t io n s  
t h a t  i t  i s  f e a s i b l e  t o  te a c h  LOGO program m ing and 
e f f e c t i v e l y  te a c h  m a th e m a t ic s  u s in g  t h i s  com puter la n g u a g e  
as a c o n c e p tu a l  and o p e r a t i o n a l  fra m e w o rk .
I t  i s  im p o r t a n t  t o  n o te  t h a t  t h e  LOGO v e r s io n  used i n  
th e s e  two s t u d i e s  i s  an e a r l y  v e r s io n  o f  t h e  la n g u a g e  
w hich d id  n o t  h ave  t h e  " t u r t l e "  p r a p h ic  c a p a b i l i t i e s  and 
o t h e r  f e a t u r e s  t h a t  more r e c e n t  v e r s io n s  h a v e .  A ls o ,  t h e  
s t u d i e s  a r e  in f o r m a l  in  n a t u r e  a n d ,  as s u c h ,  h ave  s e v e r a l  
u n c o n t r o l l e d  v a r i a b l e s ,  such as  s t u d e n t s '  age  and t im e  on 
t a s k .  They p r o v id e  v a l u a b l e  and i n t e r e s t i n g  i n f o r m a t i o n ,  
b u t  more r e s e a r c h  i s  needed t o  t e s t  t h e i r  f i n d i n g s  and 
c la im s .
In  a n o t h e r  s tu d y  u s in g  LOGO p ro g ra m m in g , P a p e r t  e t  
a l . <1979) c o n d u c te d  a p r o j e c t  w i t h  16 s i x t h - g r a d e  
s t u d e n t s .  The r e p o r t  i s  p r e s e n te d  th ro u g h  t h e  a n a l y s i s  o f  
a n e c d o ta l  m a t e r i a l .  The s tu d y  i s  based on t h e  b e l i e f  t h a t  
s t u d e n t s  l e a r n  m a th e m a t ic s  and t h i n k i n g  s k i l l s  th r o u g h  
com puter p rogram m ing  i n  a g o a l - d i r e c t e d • e n v i r o n m e n t . T h is  
i s  a more e x t e n s i v e  s tu d y  t h a t  in c lu d e s  s e v e r a l  
o b j e c t i v e s .  One o f  t h e  o b j e c t i v e s  in v o lv e s  l e a r n i n g  t h e
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e le m e n ts  o f  LOGO com puter program m ing w h ich  in c lu d e s  t h e  
f o l l o w i n g  id e a s  and s k i l l s :
1. C om puter i n s t r u c t i o n  as a fo r m a l  lan g u ag e  
( i n c l u d in g  t h e  la n g u a g e  s y n t a x ,  e f f e c t  and a s s o c ia te d  
e r r o r  m e s s a g e s ) .
2 .  S e q u e n t ia l  p r o c e d u re s  and t h e  a b i l i t y  t o
t r a n s l a t e  an i n f o r m a l l y  d e f in e d  p la n  i n t o  a w o rk in g  
program .
3 .  Use o f  s u b -p ro c e d u re s  and s u p e r p r o c e d u r e s .
4 .  E d i t i n g  and debugging  p ro g ra m s .
5 . C o n t r o l  o f  c o n t in u in g  p ro c e s s  w i t h  lo o p s  a n d /o r
r e c u r s i  o n .
6 .  Use o f  v a r i a b l e s ,  c o n d i t i o n a l s  and s to p  r u l e s .
7 .  W r i t i n g  i n t e r a c t i v e  p ro g ra m s .
The d a t a  c o l l e c t i o n  was based on r e c o r d s  o f  each
s t u d e n t ' s  i n t e r a c t i o n  w i t h  t h e  c o m p u te r ,  t h e  t e a c h e r s '  
a n e c d o ta l  r e c o r d s  o f  each s t u d e n t ' s  d a i l y  w o rk ,  r e g u l a r  
and o c c a s io n a l  o b s e r v a t io n s  c o n d u c te d  by t h e  M IT  LOGO 
g ro u p , and a s e r i e s  o f p r e / p o s t  s t u d e n t  i n t e r v i e w s .
The i n v e s t i g a t o r s  r e p o r t e d  t h a t  o f  t h e  16 s t u d e n t s ,  
two d id  n o t  l e a r n  t o  program  i n  a s i g n i f i c a n t  sense .  
S t u d e n t s '  e n t r y  a c h ie v e m e n t was c o n s id e r e d  t h e  main f a c t o r  
a f f e c t i n g  t h e s e  s t u d e n t s '  p e r fo rm a n c e ;  b o th  o f  them were  
" low " a c h i e v e r s  (a s  measured by s t a n d a r d is e d  t e s t  C TB S ). 
O th e r  s t u d e n t s  ( " h ig h "  a c h ie v e r s )  w e re  a b le  t o  d e v e lo p  
" u n d e r s ta n d in g "  o f  more advanced  c o n c e p ts ,  such as
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v a r i a b l e s .  They fo u n d  t h a t  most o f  t h e  s t u d e n t s  d e ve lo p e d  
a c o n c e p t  o f  " m ic r o - w o r ld "  w hich  was c o n s t r u c t e d  by th e  
s t u d e n t s  t o  e x p l o r e  and become more c o m f o r t a b le  w i t h  th e  
c o m p u te r .  Though t h e  id e a  o f  command was n o t  e a s i l y  
u n d e rs to o d  by t h e  s t u d e n t s ,  t h e  id e a  o f  p r o c e d u re  was 
fo u n d  t o  be a s i g n i f i c a n t  and v a l u a b l e  o n e . A ls o ,  th e y  
s u g g e s te d  t h a t  t h e  use o f v a r i a b l e s  i n  LOGO program s t o  
change t h e  s i z e  o r  shape  o f  a g e o m e t r ic  f i g u r e  p ro v id e d  a 
c o n c r e t e  i n t r o d u c t i o n  t o  t h e  use o f  v a r i a b l e s  and t h a t  
s t u d e n t s '  u n d e r s t a n d in g  o f t h e  c o n c e p t  o f  v a r i a b l e  in  
com puter p r o c e d u re s  m igh t be a m a jo r  s te p  i n  t h e  
d e v e lo p m e n t  o f  m a th e m a t ic a l  t h i n k i n g  o r  h ig h e r  l e v e l s  o f  
a b s t r a c t i o n .
L a w le r  (1 9 8 0 )  r e p o r t e d  an o b s e r v a t io n  and a n a l y s is  o f  
h i s  e i g h t - y e a r  o ld  son w o rk in g  w i t h  s e v e r a l  LOGO 
p r o c e d u re s  i n v o l v i n g  v a r i a b l e s  and r e c u r s i o n .  T h is  c h i l d  
had p a r t i c i p a t e d  i n  o t h e r  s t u d i e s  b e f o r e ,  i n c lu d i n g  an 
i n t e n s i v e  s ix -m o n t h s  s tu d y  a t  t h e  LOGO P r o j e c t  o f  t h e  MIT  
A r t i f i c i a l  I n t e l l i g e n c e  L a b o r a t o r y  ( L a w l e r ,  1 9 7 9 ) .  The 
c h i l d  h a d ,  as  o b s e rv e d  by t h e  a u t h o r ,  tw o m en ta l  
p r e d i s p o s i t i o n s  t h a t  he b ro u g h t  t o  h i s  w o rk . He was 
i n c l i n e d  t o  c a l l  upon symmetry a s  a g e n e r a t i v e  i d e a ,  and 
he a p p ro a c h e d  p ro b le m s  in  a s u r p r i s i n g l y  s y s t e m a t ic  way 
f o r  one h i s  a g e .
The i n v e s t i g a t o r  found t h a t  t h e  c h i l d  a p p l i e d  h is  
p a s t  e x p e r i e n c e  w i t h  LOGO t o  s o lv e  p ro b le m s  in v o lv i n g
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p a t t e r n s .  A l s o ,  he -found t h a t  u s in g  LOGO i n  a  
g o a l - d i r e c t e d  e x p l o r a t i o n  a id e d  t h e  c h i l d ' s  u n d e rs ta n d in g  
o f  t h e  c o n c e p t  o f  v a r i a b l e .
G iven  t h e  c h a r a c t e r i s t i c s  o f  t h e  c h i l d  s t u d ie d  and 
t h e  f a c t  t h a t  o n ly  one s tu d e n t  was c o n s id e r e d ,  i t  i s  
d i f f i c u l t  t o  g e n e r a l i z e  t h e  s t u d y 's  f i n d i n g s .  The m a jor  
t h r e a t  t o  t h e  e x t e r n a l  v a l i d i t y  o f  t h e  s tu d y  i s  th e  
m u l t i  p i  e - t r e a t m e n t  i n t e r f e r e n c e  b e ca u s e  m u l t i p l e  
t r e a t m e n t s  h a v e  been a p p l ie d  t o  t h e  same re s p o n d e n t  
(Cam pbell & S t a n l e y ,  1 9 6 3 ) .  In  t h i s  c a s e ,  we do n o t  know 
t h e  amount o f  t im e  t h e  s tu d e n t  h as  s p e n t  w i t h  th e  com puter  
and th e  e x t r a  a t t e n t i o n  he has r e c e i v e d  i n  h i s  p r e v io u s  
e x p e r ie n c e .
Some s t u d i e s  i n  th e  a r e a  o f  u s in g  c o m p u te r  
program m ing t o  enhan ce  s t u d e n t s '  u n d e r s t a n d in g  o f  c o n ce p ts  
have used BASIC com puter p ro g ram m in g . Dwyer (1 9 7 5 )  
p r e s e n t s  a p r e l i m i n a r y  r e p o r t  r e g a r d i n g  a n o th e r  
q u a n t i t a t i v e  s tu d y  based on t h e  b e l i e f  t h a t  
s t u d e n t - c o n t r o l l e d  programming a c t i v i t i e s  w i l l  enhance  
s t u d e n t s '  m a th e m a t ic s  l e a r n i n g .  The p r o j e c t  was a 
f o l l o w - u p  o f  a t h r e e  y e a r  program  in  t h e  P i t t s b u r g h  p u b l i c  
schoo l s y s te m . The s tu d e n ts  used f i v e  l a b s  i n  a 
n o n c o n t r o l l e d  l e a r n i n g  e n v i r o n m e n t .  The la b s  w ere  a ls o  a  
way o f  o r g a n i z i n g  t h e  m a th e m a t ic s  c o n t e n t  as  t h e y  were  
d e s ig n a te d  as  a com puter la b  ( f o c u s in g  on a l g o r i t h m s ) ,  a 
dynam ics  l a b  ( f o c u s in g  on p ro c e s s e s  t h a t  t a k e  p la c e  in
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t i m e ) , a l o g i c a l  d e s ig n  la b  ( d i g i t a l  and a n a lo g  c i r c u i t  
m o d e ls ) ,  a s y n t h e s i s  la b  ( f o c u s in g  on u s in g  
s u p e r im p o s i t io n  and s y n t h e t i c  m u s ic ) , and a  model o f  
r e a l i t y  l a b  ( f o c u s in g  on m o d e lin g  and m a n ip u la t in g  
c o n c r e te  m a t e r i a l s ) .
The i n v e s t i g a t o r  fo u n d  t h a t  s t u d e n t s '  d i r e c t e d  
e x p l o r a t i o n  o f  m a th e m a t ic a l  c o n c e p ts  such as  v a r i a b l e s  in  
a com puter program m ing  e n v iro n m e n t  f o s t e r e d  t h e i r  l e a r n in g  
o f th o s e  c o n c e p ts .  T h is  was d e te rm in e d  by d i r e c t  
o b s e r v a t io n  o f  s t u d e n t s '  work w i th  LOGO. T h is  r e p o r t  
c o u ld  have been im p ro ved  by in c lu d in g  a d d i t i o n a l  
in f o r m a t io n  r e g a r d i n g  t h e  d e s c r i p t i o n  o f  s a m p le  and 
p ro c e d u re s  used  i n  t h e  s tu d y .  W ith o u t  t h i s  i n f o r m a t i o n  i t  
i s  d i f f i c u l t  t o  make any g e n e r a l i s a t i o n  o f  t h e  f i n d i n g s  
and makes t h e  f i n d i n g s  in c o n c lu s iv e .
In  a n o t h e r  s tu d y  u s in g  BASIC p ro g ra m m in g , Oprea  
(1 9 8 5 )  i n v e s t i g a t e d  t h e  e f f e c t s  o f  c o m p u te r  program m ing  
i n s t r u c t i o n  on s t u d e n t s '  u n d e rs ta n d in g  o f  v a r i a b l e s  and 
m a th e m a t ic a l  g e n e r a l i s a t i o n s .  Two d i f f e r e n t  i n s t r u c t i o n a l  
s t r a t e g i e s  w e re  used i n  t h i s  s t u d y ,  w h o l i s t i c  and  
e le m e n t a l .  The  w h o l i s t i c  approach  began i n s t r u c t i o n  a t  
t h e  w ho le  p ro g ra m  l e v e l  and t h e  s t u d e n t  l e a r n e d  com puter  
program m ing th r o u g h  t h e  program s th e m s e lv e s .  The o t h e r  
i n s t r u c t i o n a l  s t r a t e g y  fo c u s e d  on t h e  e le m e n t a l  commands 
o f  t h e  program m ing  la n g u a g e  and p ro c e e d e d  s t e p w is e  u n t i l  
t h e  s t u d e n t s  l e a r n e d  com puter p rogram m ing  w i t h  complex
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p ro b le m s .
Two s i x t h - g r a d e  c la s s e s  a t  each o f  tw o  d i f f e r e n t  
e le m e n ta r y  s c h o o ls  w ere  used as t r e a t m e n t  g ro u p s .  One 
c la s s  was ra n d o m ly  a s s ig n e d  t o  each o f  t h e  tw o  
i n s t r u c t i o n a l  a p p ro a c h e s  ( w h o l i s t i c  and e l e m e n t a l ) .  The 
s tu d e n ts  r e c e i v e d  c o m p u te r  programming i n s t r u c t i o n  d u r in g  
6 0 - 9 0  m in u te  s e s s io n s  tw o  o r  t h r e e  t im e s  a week f o r  s ix  
weeks. F 're -  and p o s t t e s t s  a s s e s s in g  p rogram m ing  a b i l i t y ,  
m a th e m a t ic a l  g e n e r a l i s a t i o n  s k i l l s ,  and u n d e r s t a n d in g  o f  
th e  c o n c e p t o f  v a r i a b l e  were a d m in is t e r e d  t o  t h e  s tu d e n ts .  
The i te m s  on t h e  u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  
in s t r u m e n t  w e re  a d o p te d  fro m  o th e r  s t u d i e s .  U s in g  th e  
p o s t t e s t  s c o r e s  o f  a l l  s t u d e n t s ,  H o y t 's  R e l i a b i l i t y  
e s t im a t e  o f  C r o n b a c h 's  a lp h a  was c a l c u l a t e d .  The V a r i a b l e  
In s t r u m e n t  had a r e l i a b i l i t y  o f  o n ly  . 6 7 ,  w h ich  was 
c o n s id e re d  lo w .  F a c t o r  a n a l y s is  was used t o  d e te r m in e  th e  
c o n te n t  v a l i d i t y  o f  t h e  in s t r u m e n t s .  The r e s u l t s  o f  th e  
f a c t o r  a n a l y s i s  s u p p o r te d  th e  v a l i d i t y  o f  t h e  in s t r u m e n t s .  
These r e s u l t s  w ere  c o n s id e re d  as t h e  most s i g n i f i c a n t ;  
th e  i n v e s t i g a t o r  a rg u e s  t h a t  " i t  i s  v a l i d i t y  which  
m easures t h e  r e l a t i o n s h i p  o f t h e  d a t a  o b t a in e d  t o  t h e  
pu rpose  f o r  w h ich  i t  was c o l l e c t e d "  (O p re a ,  1 9 8 5 ,  p .  6 7 ) .
The i n v e s t i . g a t o r  co n c lu d ed  t h a t  s i x t h - g r a d e  s tu d e n ts  
can l e a r n  c o m p u te r  program m ing and t h a t  t h i s  l e a r n i n g  
enhanced t h e i r  u n d e r s ta n d in g  o f t h e  c o n c e p t  o f  v a r i a b l e  
and m a th e m a t ic a l  g e n e r a l i z a t i o n .  H o w e v e r ,  she was u n a b le
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t o  p r o v id e  e v id e n c e  f o r  t h e  c la im  t h a t  d i f f e r e n t  
i n s t r u c t i o n a l  m ethods  w ould  i n f l u e n c e  s t u d e n t s '  com puter  
program m ing l e a r n i n g .
K r u l l  <1980) c o n d u c te d  a s tu d y  w i t h  e le m e n t a r y  s ch o o l  
s t u d e n t s ,  a ls o  u s in g  BASIC , d e s ig n e d  t o  engag e  s t u d e n t s  in  
w r i t i n g  co m p u te r  p ro g ra m s  i n v o l v i n g  f i v e  p r o p e r t i e s  in  
m a th e m a tic s  and t o  m easure  t h e  e f f e c t s  o f  co m p u ter  
program m ing on a c h ie v e m e n t  and a t t i t u d e s  to w a rd  s c h o o l .
The a u th o r  a n a ly s e d  t h e  e f f e c t s  o f  l e a r n i n g  t o  p rogram  a 
com puter on s t u d e n t s '  p e r fo rm a n c e  in  m a th e m a t ic s .
The e x p e r im e n t a l  g roup  was ta u g h t  BASIC program m ing  
and s p e n t  s e v e r a l  weeks d e v e lo p in g  and w r i t i n g  com puter  
program s i n v o l v i n g  s p e c i f i c  m a th e m a t ic a l  p r o p e r t i e s .  The  
c o n t r o l  g roup  was e n r o l l e d  in  a  r e m e d ia l  m a th e m a t ic s  
p ro g ram . A p r e -  and p o s t t e s t  f o r  m a th e m a t ic s  a c h ie v e m e n t  
and an a t t i t u d e  to w a r d  m a th e m a t ic s  s u r v e y  w ere  
a d m in is t e r e d  t o  b o th  g ro u p s  in  o r d e r  t o  t e s t  t h e  
e f f e c t i v e n e s s  o f  t h e  p ro g ra m . The i n v e s t i g a t o r  fo u n d  t h a t  
program m ing a c t i v i t i e s  had a s i g n i f i c a n t  p o s i t i v e  e f f e c t  
on s t u d e n t s ’ l e a r n i n g  o f  m a th e m a t ic s .  A ls o ,  he fo u n d  t h a t  
t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s ,  w i t h  r e s p e c t  t o  
a t t i t u d e s ,  b e tw ee n  t h e  e x p e r im e n t a l  and t h e  c o n t r o l  
g ro u p s .
One m a jo r  c o n c e rn  r e g a r d in g  t h e  v a l i d i t y  o f  t h e  
f i n d i n g s  i s  t h a t  t h e  c o n t r o l  and e x p e r im e n t a l  g ro u p s  d id  
n o t  r e c e i v e  c o m p a ra b le  i n s t r u c t i o n .  The i n v e s t i g a t o r  d id
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n o t  e x p la in  t h e  c o n t e n t ,  i n s t r u c t i o n a l  s t y l e ,  o r  t e a c h in g  
s t r a t e g y  used w i t h  t h e  c o n t r o l  g ro u p . A ls o ,  s am p le  
s e l e c t i o n  and a s s ig n m e n t  o-f s tu d e n ts  t o  c o n t r o l  o r  
e x p e r im e n ta l  g ro u p s  w ere  n o t  d is c u s s e d  by t h e  
i n v e s t i g a t o r . The s tu d e n t s  m ight have  d i f f e r e d  in  
im p o r ta n t  ways. These l i m i t a t i o n s  make t h e  f i n d i n g s  h ard  
t o  i n t e r p r e t  and g e n e r a l i z e .
P r ic h a r d  (1 9 8 5 )  s u p p o r te d  th e  c la im  t h a t  m a th e m a t ic a l  
co n ce p ts  and s k i l l s  c o u ld  be in t r o d u c e d  and d e v e lo p e d  
th ro u g h  co m p u ter  program m ing a c t i v i t i e s  t h a t  i n v o l v e  
a lg o r i t h m s .  M a th e m a t ic s  i t e r a t i o n  i s  c o n s id e r e d  an 
im p o r ta n t  a r e a  i n  t h e  deve lo p m en t o f  an a l g o r i t h m i c  
approach  in  m a th e m a t ic s .  I t  i s  d e f in e d  as  "a  p ro c e s s  
whereby a s eq u e n c e  o f  te rm s  a r e  produced  i n  such  a way 
t h a t  an i s  d e te r m in e d  fro m  i t s  p re d e c e s s o rs  i n  t h e  
same way t h a t  an - i  i s  d e te rm in e d  fro m  i t s  
p re d e c e s s o rs "  (p p . 1 - 2 ) .  The i n v e s t i g a t o r  exam in ed  th e  
deve lopm ent o f  s t u d e n t ' s  knowledge o f  i t e r a t i o n  as  th e y  
worked w i t h  c o m p u te r  p rogram m ing . She d id  n o t  r e p o r t  th e  
computer la n g u a g e  used i n  t h e  s tu d y .  Four h ig h  sch o o l  
s tu d e n ts  w ere  in v o lv e d  i n  com puter program m ing  a c t i v i t i e s  
i n v o lv i n g  c o n s t r u c t i o n ,  e x e c u t io n ,  r e v i s i o n  and r e f in e m e n t  
o f com puter p ro g ra m s . A t e n t h - g r a d e r  and a  n i n t h - g r a d e r  
(who w ere  i n  t h e  same g e o m etry  c la s s  and d id  n o t  have  
p r e v io u s  e x p e r ie n c e  w i t h  c o m p u t in g ) , a t e n t h - g r a d e r  (who 
was e n r o l l e d  i n  a s e c o n d -y e a r  a lg e b r a  and had some l i m i t e d
f t * ” '
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e x p e r ie n c e  w i t h  c o m p u t e r s ) , and a n i n t h - g r a d e r  <who was 
a ls o  t a k in g  g e o m e try  and had some e x p e r ie n c e  w i t h  
co m p u tin g ) p a r t i c i p a t e d  in  th e  s t u d y .
These s t u d e n t s  r e c e iv e d  a t e n  week t r e a t m e n t  t h a t  
c o n s is te d  o f  13 g roup  te a c h in g  s e s s io n s  <he ld  t w i c e  a 
w e e k ) , and t h r e e  i n d i v i d u a l  i n t e r v i e w s  f o r  each  s t u d e n t .  
F i v e  s e s s io n s  d e a l t  w i t h  p ro b lem s  and s i t u a t i o n s  r e l a t e d  
t o  t h e  g e n e r a t io n  o f  n u m e r ic a l  seq u en ces  and e i g h t  
s e s s io n s  w i t h  i t e r a t i v e  methods f o r  s o l v i n g  q u a d r a t i c  
e q u a t io n s .  The s t u d e n t s  worked on a s s ig n e d  program m ing  
t a s k s  in  p a i r s  (one p a i r  per c o m p u te r ) .
The d a t a  c o n s is t e d  of r e c o r d s  o f  s t u d e n t s '  w o rk ,  
v id e o - t a p e s ,  and a u d io - t a p e s  o f  i n t e r v i e w s  and t e a c h in g  
s e s s io n s .  T h re e  com ponents o f  t h e  s t u d e n t s '  kn ow ledge  o f  
i t e r a t i o n  w ere  a n a ly s e d .  The f i r s t  component was th e  
s p e c i f i c  i n i t i a l  v a l u e  (o r  v a lu e s )  o f  t h e  v a r i a b l e s  which  
w ere  used i n  t h e  p r o c e d u re .  The i n v e s t i g a t o r  fo u n d  t h a t  
t h e  s tu d e n ts  w ere  aw are  t h a t  by c h a n g in g  a s t a r t i n g  v a lu e  
th e y  would a l s o  chang e  t h e  sequence  p ro d u c e d  by t h e  
program .
The second component a n a ly z e d  was t h e  r e p e a t e d  
p r o c e d u re .  T h is  component i s  n e c e s s a ry  b u t  n o t  s u f f i c i e n t  
t o  p ro d u ce  an i t e r a t i o n .  In  t h i s  a r e a  t h e  s t u d e n t s  
d e v e lo p e d  p ro g ra m s  t o  s o lv e  p ro b le m s  and t o  d e v e lo p  
a r i t h m e t i c  and g e o m e t r ic  seq u e n c e s . P rogram s w ere  
s u g g e s te d  and r e f i n e d  by th e  s t u d e n t s  and t e a c h e r  as a
Er-
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g ro u p ,  th e n  s t u d e n t s  ty p e d  and e x e c u te d  t h e  p ro g ra m s . The  
t h i r d  component was t h e  s to p p in g  r u l e  w hich  p r e s e n te d  
s e v e r a l  p ro b le m s  t o  t h e  s t u d e n t s .  I t  r e q u i r e d  
u n d e rs ta n d in g  o-f i t e r a t i o n  and t h e  r o l e  o-f t h e  s t o p p in g  
r u l e .
The f o u r  s t u d e n t s  d is p la y e d  d i f f e r e n t  l e v e l s  o f  
u n d e r s ta n d in g  r e g a r d i n g  t h e  d i f f e r e n t  com ponents o f  
i t e r a t i o n .  Two s t u d e n t s  w ere  a b le  t o  d e s c r ib e  t h e  
component o f  t h e  c o n c e p t ,  and th e  o t h e r  two d e m o n s tra te d  
t h e i r  u n d e r s t a n d in g  as  t h e y  worked th ro u g h  t h e  t a s k s .  The  
i n v e s t i g a t o r  c o n c lu d e d  t h a t  com puter program m ing p r o v id e d  
th e  c o n t e x t  w i t h i n  w h ich  t h e  s tu d e n ts  shaped t h e i r  
u n d e r ta n d in g  o f  i t e r a t i o n ,  t h e  g e n e r a t io n  o f  s e q u e n c e s ,  
and th e  s o l v i n g  o f  e q u a t io n s .
A lth o u g h  t h e  above s t u d i e s  found t h a t  co m p u ter  
program m ing seems t o  enhan ce  s t u d e n t 's  u n d e r s t a n d in g  o f  
m a th e m a tic s  s k i l l s  and c o n c e p ts ,  o t h e r  s t u d i e s  h ave  
produced c o n f l i c t i n g  r e s u l t s  c o n c e rn in g  t h i s  id e a  
(Johnson , 1 9 7 1 ) .  Hoffm an (1 9 7 1 )  d e s ig n e d  a 
q u a s i - e x p e r im e n t  t o  s tu d y  t h e  e f f e c t  o f  co m p u ter  e x te n d e d  
i n s t r u c t i o n  on g e n e r a l i s a t i o n  s k i l l s  and a c h ie v e m e n t  i n  a 
second y e a r  a lg e b r a  c o u r s e .  Two i n s t r u c t o r s  a t  tw o  
m e t r o p o l i t a n  a r e a  s c h o o ls  ta u g h t  b o th  an e x p e r im e n t a l  and  
a c o n t r o l  c l a s s .  The c o n t r o l  g roups  w ere  t a u g h t  i n  a 
t r a d i t i o n a l  m anner w i t h o u t  com puter a p p l i c a t i o n s ,  w h i l e  
th e  e x p e r im e n t a l  g ro u p s  w ere  ta u g h t  w i t h  co m p u ter
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a p p l i c a t i o n s .  The e x p e r im e n t a l  g roups  used BASIC 
programming and program m ing  p ro b lem s  i n  a d d i t i o n  t o  e i g h t  
com puter e x te n d e d  u n i t s .  The i n v e s t i g a t o r  a d m in is t e r e d  a 
s t a n d a r i z e d  p r e t e s t  and tw o  p o s t e s t s  (a  g e n e r a l i z a t i o n  
s k i l l s  t e s t  r e l a t e d  t o  • fu n c t io n s  and t h e  same s t a n d a r d i z e d  
t e s t  a d m in is te r e d  as  t h e  p r e t e s t )  t o  t h e  -four g ro u p s .
The r e s e a r c h e r  fo u n d  no e v id e n c e  t o  s u p p o r t  t h e  
h y p o th e s is  t h a t  c o m p u te r  e x te n d e d  i n s t r u c t i o n  
s i g n i f i c a n t l y  a f f e c t e d  g e n e r a l i z a t i o n  s k i l l s  o r  
ach ie vem en t based on t o t a l  p o s t t e s t  s c o r e s .  H o w e ve r ,  he 
found t h a t  t h e  e x p e r im e n t a l  g roups  w ere  s u c c e s s f u l  w i t h  
c e r t a i n  g e n e r a l i z a t i o n  s k i l l s .  I t  i s  c la im e d  t h a t  t h e s e  
s k i l l s  seem c l o s e l y  r e l a t e d  t o  t h e  p ro c e s s  f a l l o w e d  when 
t h e  s tu d e n t  "debugs" o r  r e f i n e s  a m a l f u n c t io n in g  p ro g ra m .
The p o s s i b i l i t i e s  f o r  g e n e r a l i z a t i o n  o f  t h e  s t u d y ' s  
f i n d i n g s  c o u ld  h a v e  been enhanced by u s in g  a random  sam p le  
o f s t u d e n t s .  A ls o ,  more d e s c r i p t i v e  d a ta  a r e  needed on 
th e  ty p e  o f  s t u d e n t s  and t e a c h e r s  p a r t i c i p a t i n g  i n  t h i s  
s tu d y .  T h e re  i s  no i n f o r m a t i o n  r e g a r d in g  te a c h e r  
s e l e c t i o n  and a s s ig n m e n t  o f  g ro u p s  t o  t e a c h e r s .  A ls o ,  
t h e r e  i s  no i n f o r m a t i o n  r e g a r d in g  t im e  on t a s k .  A n o th e r  
concern  i s  t h a t  t h e  t e s t  used t o  exam in e  s t u d e n t s '  
g e n e r a l i z a t i o n  s k i l l s  was n o t  d e s c r ib e d  i n  any  way. No 
assessm ent o f  t h e  r e l i a b i l i t y  and v a l i d i t y  o f  t h i s  t e s t  
was p r o v id e d  i n  t h i s  r e p o r t .
A c c o rd in g  t o  t h e  r e s e a r c h  exam ined t o  t h i s  p o i n t ,
tr~
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co m p u ter  p rogram m ing  a p p e a rs  t o  enhance s t u d e n t s '  
u n d e r s ta n d in g  o-f m a th e m a t ic s  c o n c e p ts  and s k i l l s ,  such as  
v a r i a b l e s ,  i t e r a t i o n ,  - f u n c t io n s ,  and p r o c e d u r e s .  A ls o ,  
t h e  i n v e s t i g a t o r s  h ave  found s e v e r a l  m is c o n c e p t io n s ,  
l i m i t a t i o n s ,  and d i f f i c u l t i e s  t h a t  s t u d e n t s  h a v e  when 
l e a r n i n g  p rogram m ing  which  m ig h t d im in is h  com puter  
program m ing e f f e c t i v e n e s s ,  and make r e s e a r c h  f i n d i n g s  
i n c o n c l u s i v e .  T h i s  c o u ld  be r e l a t e d  t o  some o f  th e  
f i n d i n g s  o f  r e s e a r c h  w i t h  n o v ic e  and e x p e r t  program m ers  
t h a t  w i l l  be exam in ed  l a t e r  in  t h i s  d i s s e r t a t i o n .
Q2 !E £ y te r_ P rg g r  ammi.ng_and_Mathemat i .cs_Achi.eyem ent
The s t u d i e s  exam ined  in  t h i s  s e c t i o n  i n v e s t i g a t e  th e  
id e a  t h a t  c o m p u te r  program m ing e x p e r ie n c e s  enhan ce  
s t u d e n t ' s  m a th e m a t ic s  a c h ie v e m e n t in  t h e  a r e a s  o f  g e n e ra l  
m a th e m a tic s  a l g e b r a  and c a l c u l u s .  Some o f  t h e s e  s t u d i e s  
a ls o  e xa m in e  s p e c i f i c  c o n c e p ts  and s k i l l s  th ro u g h  t h e i r  
i  n v e s t  i  g a t  i o n s .
G e n e ra l  M a t h e m a t ic s . In  an e x p e r im e n t  u s in g  
program m ing as  a c o n c e p tu a l  b a s is  f o r  l e a r n i n g  
m a th e m a t ic s ,  l i i l n e r  (1 9 7 2 )  i n v e s t i g a t e d  t h e  e f f e c t s  o f  
t e a c h in g  c o m p u te r  program m ing on p e r fo rm a n c e  i n  
m a th e m a t ic s .  The i n v e s t i g a t o r  h y p o th e s is e d  t h a t  th e  
s t u d e n t s  w ould  l e a r n  m a th e m a t ic s  th r o u g h  program m ing  
a c t i v i t i e s  i n c l u d i n g  th e  l e a r n i n g  o f  t h e  c o n c e p t  o f
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v a r i a b l e .  S tu d e n ts  i n  t h e  e x p e r im e n t a l  (1 8 )  and s t u d e n ts  
in  th e  c o n t r o l  (2 0 )  g ro u p s  w ere  random ly  s e l e c t e d  t o  
p a r t i c i p a t e  i n  t h e  - f i f t e e n - w e e k  s tu d y  fro m  a  p o p u la t io n  o f  
f i f t h  g ra d e  s t u d e n t s  a t  t h e  s c h o o l .  The c o m p u te r  group  
r e c e iv e d  a t h r e e - p h a s e  t r e a t m e n t ,  f i v e  weeks f o r  each one  
(two s e s s io n s  each w e e k ) .  The phases w ere  a s  f a l l o w s :  
l e a r n in g  o f  t h e  e le m e n ts  o f  LOGO p ro g ra m m in g , t r a i n i n g  in  
th e  w r i t i n g  o f  c o m p u te r  p ro g ra m s , and c o m p le t in g  t a s k s  
t h a t  d e a l t  w i t h  t h e  g e n e r a t i o n  o f  a r i t h m e t i c  and g e o m e tr ic  
sequences (no i n f o r m a t i o n  o t h e r  th a n  ta s k  d e f i n i t i o n  was 
g iv en  t o  t h e  s t u d e n t s ) .  The LOGO la n g u a g e  used in  t h i s  
s tu d y  i s  an e a r l y  v e r s i o n  o f  t h e  la n g u a g e .
A t e s t  was d e s ig n e d  by t h e  i n v e s t i g a t o r  and s e v e r a l  
m ath em atics  e d u c a t o r s ,  and a d m in is t e r e d  (b o th  as  p r e -  and 
p o s t t e s t )  t o  e x a m in e  s t u d e n t s '  u n d e r ta n d in g  o f  t h e  c o n ce p t  
o f  v a r i a b l e  i n  m a th e m a t ic s  b e f o r e  and a f t e r  t h e  
e x p e r im e n t .  To d e v e lo p  t h e  in s t r u m e n t ,  t h e  i n v e s t i g a t o r  
f i r s t  began w i t h  d e f i n i n g  t h e  c o n ce p t o f  v a r i a b l e  a s  used  
i n  m a th e m a t ic s .  A f t e r  t h a t ,  b e h a v io r a l  o b j e c t i v e s  were  
form ed based  on t h e  d e f i n i t i o n  and t r a n s l a t e d  i n t o  t e s t  
i te m s .  The r e l i a b i l i t y  o f  t h e  in s t r u m e n t  u s in g  p r e t e s t  
and p o s t t e s t  c o r r e l a t i o n  f o r  th e  noncom puter g ro u p  was 
found t o  be . 7 7 .  A n a l y s i s  o f  c o v a r ia n c e  was used t o  t e s t  
f o r  s t a t i s t i c a l  d i f f e r e n c e s  among e x p e r im e n t a l  and c o n t r o l  
g ro u p s . The t h r e e  t r e a t m e n t s  used w ere  as  f o l l o w s :  
in c o m p le te  co m p u te r  p ro g ra m , a lg o r i t h m  g iv e n  i n  n a t u r a l
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la n g u a g e ,  and no i n f o r m a t i o n  g iv e n  o t h e r  th a n  t a s k  
d e f i n i t i o n .
The i n v e s t i g a t o r  c o n c lu d e d  t h a t  c o m p u te r  program m ing  
was e f f e c t i v e  and o f  v a lu e  in  s t u d e n t s '  m a th e m a t ic s  
l e a r n i n g .  P e r fo rm a n c e  on t h e  t e s t  showed s i g n i f i c a n t  
d i f f e r e n c e s  b e tw ee n  s t u d e n t s '  com petency i n  u s in g  
v a r i a b l e s  f a v o r i n g  t h e  e x p e r im e n t a l  g ro u p . A ls o ,  t h e  
program m ing s t u d e n t s  d e m o n s tra te d  t h e i r  co m p eten cy  in  
u s in g  v a r i a b l e s  by e x p l a i n i n g  t h e i r  w r i t t e n  com puter  
pro g ra m s. The p a r t i c u l a r  i n s t r u c t i o n a l  a p p ro a c h  was found  
l e s s  im p o r t a n t  th a n  t h e  d e s c r i p t i o n  and d e v e lo p m e n t  o f  
t a s k s  s u i t a b l e  f o r  t h e  s t u d e n t s .
More c o n t r o l  was needed f o r  i n s t r u c t i o n a l  d i f f e r e n c e s  
betw een  t h e  e x p e r im e n t a l  and c o n t r o l  g ro u p s .  T h e re  was no  
s p e c i f i c  o r  s u p p le m e n ta r y  t r e a t m e n t  d e s c r ib e d  f o r  th e  
c o n t r o l  g ro u p .  The d i f f e r e n c e s  betw een  t h e  e x p e r im e n t a l  
and c o n t r o l  g ro u p s  m ig h t  h ave  been caused  by u n c o n t r o l l e d  
v a r i a b l e s  such as  t im e  s p e n t  a t  t h e  c o m p u te rs  and s p e c ia l  
a t t e n t i o n  g iv e n  t o  t h e  e x p e r im e n t a l  g ro u p .
Howe, O 'S h e a  and P la n e  ( 1 9 7 9 ) ,  r e s e a r c h e r s  who w ere  
h i g h l y  t r a i n e d  p ro g ra m m ers , s p e n t  tw o  y e a r s  t e a c h in g  LOGO 
program m ing t o  e le v e n  e le v e n -y e a r — o ld  b oys  o f  " a v e ra g e "  o r  
" b e lo w ” a v e r a g e  m a th e m a t ic s  a b i l i t y .  T hese  s t u d e n t s  s p e n t  
one y e a r  l e a r n i n g  c o m p u te r  program m ing and one y e a r  
l e a r n i n g  m a th e m a t ic s  th ro u g h  LOGO p ro g ram m in g . Each  
s tu d e n t  w orked  one h o u r  p e r  week i n  a c o m p u te r  program m ing
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c la s s ro o m .
The nonprogram m ers  had p r e t e s t  s c o re s  s i g n i f i c a n t l y  
b e t t e r  on t h e  B a s ic  M a th e m a t ic s  T e s ts  b u t  e q u i v a l e n t  
p r e t e s t  s c o r e s  on t h e  M a th e m a tic s  A t t a in m e n t  T e s t .  
C om parisons be tw een  program m ers  and nonprogram m ers  showed 
t h a t  program m ers had im p ro ved  enough in  m a th e m a t ic s  t o  
e l i m i n a t e  t h e  o r i g i n a l  d i f f e r e n c e s  (B a s ic  M a th e m a t ic s  T e s t  
s c o re s )  w i t h  nonprogram m ers  b u t  had s i g n i f i c a n t l y  lo w e r  
s c o re s  on t h e  M a th e m a t ic s  A t ta in m e n t  T e s t .  These  g lo b a l  
d i f f e r e n c e s  do n o t  s u p p o r t  c la im s  t h a t  c o m p u te r  
program m ing p r o v id e s  some j u s t i f i c a t i o n  f o r ,  and 
i l l u s t r a t i o n  o f ,  f o r m a l  m a th e m atic s  r i g o r  (P ea  & K u r la n d ,  
1 9 B 4 ) .
The i n v e s t i g a t o r s  fo u n d  t h a t  t h e  LOGO g ro u p  le a r n e d  
t o  t a l k  s e n s i b l y  a b o u t  m a th e m a tic s  is s u e s  and c o n c e p ts ,  
and e x p la in e d  m a th e m a t ic s  d i f f i c u l t i e s  c l e a r l y .  They  
o b s e rv e d  t h a t  u s in g  LOGO s u p p o r ts  t h e  id e a  o f  a c h i l d ' s  
s e l f - d i r e c t e d  e x p l o r a t i o n  o f  m a th e m a t ic a l  c o n c e p ts  such as  
v a r i a b l e s  on c o m p u te rs .  These f i n d i n g s  a r e  based on 
d i f f e r e n c e s  i n  r a t i n g s  betw een  program m ers and  
nonprogram m ers on t e a c h e r  q u e s t i o n n a i r e s .  They a r e  
u n r e l i a b l e  b e c a u s e  t e a c h e r s  knew b e fo re h a n d  w h ich  s t u d e n t s  
b e lo n g ed  t o  w h ich  g ro u p ; t h e y  s h o u ld  h a ve  been u naw are  o f  
t h e  s t u d e n t s '  p la c e m e n ts  t o  make t h e i r  r a t i n g s  r e l i a b l e  
(Pea S< K u r la n d ,  1 9 8 4 ) .
K ie r e n  (1 9 6 9 )  fo u n d  m ixed r e s u l t s  i n  a  c o m p a r a t iv e
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s tu d y  o f  t h e  use  and nonuse o f  c o m p u te rs .  The s tu d y  was 
d e s ig n e d  t o  e xam in e  i f  t h e  use  o f  com puter program m ing  
would a f f e c t  a c h ie v e m e n t  i n  m a th e m a t ic s  a t  t h e  h ig h  schoo l  
l e v e l  f o r  s t u d e n t s  o f  " a v e r a g e "  p r e v io u s  a c h ie v e m e n t  
(based on t h e i r  s c o r e s  i n  a s t a n d a r d is e d  m a th e m a t ic s  
a c h ie v e m e n t t e s t ) .  The s tu d y  to o k  p la c e  o v e r  a  tw o  y e a r  
p e r io d  w i t h  36  s t u d e n t s .  The com puter  la n g u a g e  used was 
n o t  r e p o r t e d .
J o rd an  (1 9 8 5 )  fo u n d  s i m i l a r  r e s u l t s  w i t h  
s e v e n th -g r a d e  s t u d e n t s  i n  a s i m i l a r  s t u d y .  The  
e x p e r im e n t a l  g roup used BASIC program m ing la n g u a g e  t o  
r e v ie w  some m a th e m a t ic s  s k i l l s  apd c o n c e p ts .  The  c o n t r o l  
group used t h e  t r a d i t i o n a l  method ( t e x t b o o k ,  p a p e r  and 
p e n c i l )  f o r  m a th e m a t ic s  d r i l l  and p r a c t i c e .  T he  same 
t e a c h e r  t a u g h t  b o th  g ro u p s .
The i n v e s t i g a t o r  fo u n d  no s i g n i f i c a n t  d i f f e r e n c e s  
betw een t h e  mean g a in  f o r  t h e  c o n t r o l  and e x p e r im e n t a l  
groups  on t h e  C a l i f o r n i a  A c h ie v e m e n t T e s t  s u b s e c t io n s  o f  
m a th e m a t ic a l  c o m p u t a t io n ,  c o n c e p ts  and p r o b le m s .  S tu d e n ts  
in  t h e  c o n t r o l  g ro u p  d id  l e a r n  m a th e m a t ic s .  H o w e v e r ,  
s t u d e n ts  i n  t h e  e x p e r im e n t a l  g roup  had in c r e a s e d  two  
s k i l l s ,  co m p u ter  p rogram m ing  and m a th e m a t ic s .
H a t f i e l d  and K ie r e n  (1 9 7 2 )  s t u d ie d  t h e  e f f e c t s  o f  
com puter p rogram m ing  a t  g r a d e s  seven and e le v e n  f o r  tw o  
y e a r s  in  a g e n e r a l  m a th e m a t ic s  c o u r s e .  They h y p o th e s iz e d  
t h a t  s t u d e n t s  o f  " h ig h e r "  a b i l i t y  p r o b a b ly  p r e f e r  t o  d e a l
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w i t h  m a th e m a t ic a l  p r i n c i p l e s  and problem s i n  t h e  
t r a d i t i o n a l  d e d u c t iv e  w ay, w hereas  s t u d e n ts  o-f " lo w e r "  
a b i l i t y  b e n e f i t  f ro m  t h e  o r g a n i z a t io n  r e q u i r e d  i n  com puter  
program m ing . The s t u d e n t s  w ere  random ly  a s s ig n e d  t o  
e x p e r im e n t a l  and c o n t r o l  g r o u p s ,  and b lo c k e d  f o r  a n a l y s is  
purposes  i n t o  t h r e e  l e v e l s  o f  p r e v io u s  a c h ie v e m e n t  
p e r fo rm a n c e .  The t o p i c s  and m ethodology  w e re  k e p t  t h e  
same f o r  b o th  g ro u p s ,  e x c e p t  t h a t  th e  co m p u ter  g ro u p  w ro te  
and p ro cessed  c o m p u te r  p rogram s in  BASIC i n v o l v i n g  t h e  
c o n c e p ts ,  p r o b le m s ,  and s k i l l s  d is cu s s ed  i n  c l a s s .
Both s t a n d a r d i z e d  (Coop S t r u c t u r e  o f  t h e  N u m e ra t io n  
S ystem , C o n tem p o ra ry  M a th e m a t ic s  T e s t ,  S tep  M a th e m a t ic s  
3B, and Iowa T e s t  o f  B a s ic  S k i l l s )  and te a c h e r -m a d e  t e s t s  
were a d m in is t e r e d  t o  t h e  s t u d e n t s .  A n a ly s is  o f  v a r i a n c e  
and a n a l y s is  o f  c o v a r ia n c e  w ere  used as s t a t i s t i c a l  
methods t o  com pare m ain  e f f e c t s  and d i f f e r e n t i a l  e f f e c t s  
o f t r e a t m e n t  a c r o s s  p r e v io u s  a c h iev em e n t l e v e l s .  
Com parisons o f  p r o p o r t i o n  o f  s tu d e n ts  r e s p o n d in g  c o r r e c t l y  
t o  a t e s t  i te m  w e re  made t o  a n a ly z e  t h e  p a r t i c u l a r  e f f e c t s  
o f  th e  t r e a t m e n t .
The i n v e s t i g a t o r s  c o n c lu d e d  t h a t  e le v e n t h - g r a d e  
s tu d e n ts  o f  " h ig h e r "  a b i l i t y  appeared  t o  b e n e f i t  l e s s  from  
com puter program m ing  e x p e r ie n c e s  th a n  l e s s  c a p a b le  
s t u d e n t s .  W h i le  t h e  e v id e n c e  was n o t  c o n c l u s i v e ,  com puter  
programming a p p e a re d  t o  h a ve  some f a c i l i t a t i n g  e f f e c t  on 
m a th e m a tic s  a c h ie v e m e n t .  The ongoing d e v e lo p m e n t  o f
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m a t e r i a l s  i n  t h i s  s tu d y  m ig h t h ave  a f f e c t e d  i t s  f i n d i n g s .  
A ls o ,  t h e r e  i s  a  concern  r e g a r d in g  t h e  r e l i a b i l i t y  and 
v a l i d i t y  o f  some o f th e  in s t r u m e n t s  used in  t h e  s tu d y .
A l g e b r a . In  a lg e b r a ,  a l s o ,  i n c o n s i s t e n t  
r e s u l t s  have  a ls o  been found  i n  r e s e a r c h  r e l a t i n g  com puter  
program m ing and m a th e m atic s  a c h ie v e m e n t .  Lamb (1 9 7 7 )  
fo u n d  p o s i t i v e  r e s u l t s  f a v o r in g  t h e  use o f  co m p u te r  
program m ing t o  im p ro ve  s t u d e n t s '  a c h ie v e m e n t .  The  
i n v e s t i g a t o r  compared th e  a c h ie v e m e n t  o f  a lg e b r a  s t u d e n ts  
who w r o t e ,  p r o c e s s e d ,  and e v a lu a t e d  co m p u te r  p rogram s  
d e a l i n g  w i t h  d i s c r e t e  c o m b in a t o r ia l  a lg o r i t h m s  w i t h  
a c h ie v e m e n t  o f  th o s e  who d id  n o t  use  c o m p u te rs  t o  l e a r n  
t h e  same t o p i c s .  The purpose  o f  t h e  s tu d y  was t o  exam ine  
t h e  e f f e c t s  o f  t r e a t m e n t ,  a b i l i t y ,  and p r e t e s t i n g  on 
a c h ie v e m e n t  i n  g rap h  th e o r y .  N i n e t y  s t u d e n t s  w ere  
c a t e g o r i s e d  as  " lo w "  or " h ig h "  a b i l i t y  g ro u p s  a c c o r d in g  t o  
p r e v io u s  p e r fo rm a n c e  in  m a th e m a t ic s  and e m p lo y in g  an 
e x te n d e d  Solomon four—group d e s ig n .  These  s t u d e n t s  were  
ra n d o m ly  a s s ig n e d  i n t o  8 d i f f e r e n t  g ro u p s .
The s t u d e n t s  were p r e t e s t e d  by u s in g  in s t r u m e n t s  
d e v e lo p e d  by t h e  i n v e s t i g a t o r  (G raph T h e o ry  A ch ievem en t  
T e s t  and R a t in g  R ev ised  V iew  o f  M a th e m a t ic s  I n v e n t o r y ) .
The d a t a  w ere  a n a ly z e d  by u s in g  a  t h r e e - w a y  a n a l y s i s  o f  
v a r i a n c e  t o  d e te r m in e  main and i n t e r a c t i o n  e f f e c t s  o f  
t r e a t m e n t ,  a b i l i t y ,  and p r e t e s t i n g .  A ls o ,  t h e  Spearman
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Rho and t h e  K e n d a l l  Tau t e s t s  w ere  used t o  a s s e s s  
c o r r e l a t i o n s  and a s s o c i a t i o n s  i n v o l v i n g  t h e  in s t r u m e n t s  
u s e d .
The i n v e s t i g a t o r  -found t h a t  t h e  main e f f e c t  o f  t h e  
t r e a t m e n t  f a c t o r  on a c h ie v e m e n t  in  g rap h  t h e o r y  c o n te n t  
and t h e  main e f f e c t  o f  t h e  a b i l i t y  f a c t o r  w ere  
s i g n i f i c a n t l t y  r e l a t e d  t o  a c h ie v e m e n t ,  b u t  t h e  e f f e c t  o f  
p r e t e s t i n g  f a c t o r  was n o t  s i g n i f i c a n t .  No e v id e n c e  was 
found  in  te rm s  o f  chang e i n  s t u d e n t s '  a t t i t u d e s  to w a rd  
m athem ati c s .
The r e s e a r c h e r  c o n c lu d e d  t h a t  t h i s  s tu d y  p r o v id e d  
e v id e n c e  t o  s u p p o r t  t h e  f e a s i b i l i t y  o f  c o o r d i n a t i n g  t h e  
s tu d y  o f  c o m b i n a t o r ia l  a lg o r i t h m s  w i t h  co m p u ter  
program m ing in  t h e  c la s s ro o m ;  in  p a r t i c u l a r ,  s t u d e n t s  
w ith  access  t o  a co m p u te r  s c o re d  s i g n i f i c a n t l y  h ig h e r  on 
t h e  t e s t s  a s s e s s in g  t h e s e  t o p i c s  th a n  s t u d e n t s  who d id  n o t  
use t h i s  a p p ro a c h .  The program m ing la n g u a g e  used was n o t  
i d e n t i f i e d  i n  t h i s  r e p o r t  w h ich  i s  an im p o r t a n t  a s p e c t  o f  
th e  s tu d y .  The in s t r u m e n t s  used w ere  d e s c r ib e d  i n  some 
d e t a i l ,  b u t  n e i t h e r  an assessm ent n o r  an a n a l y s i s  o f  
r e l i a b i l i t y  and v a l i d i t y  w ere  in c lu d e d .
O th e r  s t u d i e s  h a v e  fo u n d  m ixed r e s u l t s  o r  no 
s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  use and nonuse o f  
com puter  p rogram m ing  i n  t e a c h in g  a lg e b r a .  R o b i t a i l l e ,  
S h e r r i l l  and Kaufman (1 9 7 7 )  e v a lu a t e d  t h r e e  n i n t h - g r a d e  
a lg e b r a  c la s s e s  i n  each  o f  two s c h o o ls  and c o l l e c t e d  and
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a n a ly s e d  d a ta  c o n c e r n in g  s t u d e n t s '  a t t i t u d e s  and  
a c h ie v e m e n t .  The i n v e s t i g a t o r s  used a c o m p u te r -a u g m en ted  
approach  t o  te a c h  t h e  e x p e r im e n t a l  g ro u p s .
In  each s c h o o l ,  one c la s s  made use o f  t h e  co m p u te r  in  
l e a r n i n g  a lg e b r a  th r o u g h o u t  t h e  t r e a t m e n t  p e r i o d .  A 
second c la s s  made use o f  t h e  com puter f o r  t h e  f i r s t  t h i r d  
o f th e  t r e a t m e n t  p e r io d  and was g iv e n  no f u r t h e r  a c c e s s  t o  
t h e  com puter f o r  t h e  re m a in d e r  o f  t h e  t r e a t m e n t .  The  
c o n t r o l  group had no e x p o s u re  t o  t h e  c o m p u te rs .  The  
s tu d e n ts  were ra n d o m ly  a s s ig n e d  t o  t h e  d i f f e r e n t  g ro u p s .
A l l  th e  c la s s e s  in  one s ch o o l were ta u g h t  by  t h e  same 
t e a c h e r .  In  t h e  o t h e r  s c h o o l ,  t h e  te a c h e r  e f f e c t  was 
p a r t i a l l y  c o n t r o l l e d  because  th e  com puter and 
p a r t i a l - c o m p u t e r  g ro u p s  w ere  ta u g h t  by one t e a c h e r  and th e  
noncom puter group by a n o t h e r .  The t h r e e  c la s s e s  s t u d ie d  
th e  same m a th e m a t ic s  c o n te n t  u s in g  a  c o n te m p o ra ry  a lg e b r a  
t e x t b o o k .  The s t u d e n t s  i n  t h e  com puter and 
p a r t i a l - c o m p u t e r  g ro u p s  used BASIC t o  w r i t e  and ru n  
com puter p rogram s on t o p i c s  r e l a t e d  t o  t h e i r  a lg e b r a  
c la s s e s .  S t a n d a r d is e d  t e s t s  w ere  a d m in is t e r e d  t o  m easure  
s t u d e n t s ’ a t t i t u d e s  to w a rd  m a th e m a t ic s  and t h e i r  v e r b a l  
and m a th e m a t ic a l  a b i l i t i e s  b e f o r e  and a f t e r  t h e  
e x p e r im e n t .
The r e s u l t s  o f  t h i s  s tu d y  d id  n o t  s u p p o r t  t h e  use o f  
com puter program m ing i n  a lg e b r a .  The noncom puter  group  
d id  b e t t e r  in  a c h ie v e m e n t  th a n  th e  com puter g ro u p .  In  t h e
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a r e a  o f  a t t i t u d e s  to w a rd  m a th e m a t ic s ,  a s i g n i f i c a n t  
d i f f e r e n c e  was fo u n d  f a v o r i n g  t h e  com puter in  a  s h o r t - t e r m  
e v a l u a t i o n ,  b u t  in  t h e  l o n g - t e r m  e v a l u a t i o n  t h e r e  w ere  no 
s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  g ro u p s .
F a c t o r s  l i k e  a b s e n te e is m  and change o f  c l a s s  o r  
s ch o o l red u ced  t h e  number o f  s u b je c t s  i n i t i a l l y  in c lu d e d  
i n  t h e  s tu d y .  These a r e  f a c t o r s  a f f e c t i n g  t h e  v a l i d i t y  o f  
t h e  r e s u l t s .  E x p e r im e n ta l  m o r t a l i t y  o f re s p o n d e n ts  f ro m  
t h e  co m parison  g roups  i s  c o n s id e r e d  an e x t r a n e o u s  v a r i a b l e  
r e l e v a n t  t o  t h e  i n t e r n a l  v a l i d i t y  o f  t h e  s tu d y  (C am pbell  & 
S t a n l e y ,  1 9 6 3 ) .
In  an e x p e r im e n t  t h a t  l a s t e d  one n in e te e n - w e e k  
s e m e s te r ,  Ronan (1 9 7 1 )  a ls o  fo u n d  mixed r e s u l t s  w i t h  h ig h  
s ch o o l s t u d e n t s .  S t u d e n t s ,  c l a s s i f i e d  as  a  " m id d le "  
a b i l i t y  g ro u p  based on t h e i r  p r i o r  a c h ie v e m e n t  i n  
m a th e m a t ic s ,  i n  two a l g e b r a - t r i g o n o m e t r y  c la s s e s  
p a r t i c i p a t e d  i n  t h e  s t u d y .  The s t u d e n ts  w ere  ra n d o m ly  
a s s ig n e d  t o  t h e  c o n t r o l  and e x p e r im e n t a l  g ro u p s  t a u g h t  by  
t h e  same t e a c h e r  e x c e p t  f o r  i n s t r u c t i o n  and a s s ig n m e n ts  in  
t h e  e x p e r im e n t a l  g roup i n v o l v i n g  t h e  u s e  o f  t h e  com puter  
and t h e  BASIC la n g u a g e  w h ich  w ere  g iv e n  by t h e  
i n v e s t i g a t o r .  The c o u rs e  o b j e c t i v e s ,  m e th o d s , t e c h n iq u e s ,  
and i n s t r u c t i o n a l  m a t e r i a l s  w ere  t h e  same f o r  b o th  g ro u p s  
e x c e p t  f o r  t h e  use o f  t h e  co m p u te r  by t h e  e x p e r im e n t a l  
g roup  as a c o m p u ta t io n a l  t o o l  and as a t e a c h i n g - l e a r n i n g  
t o o l .
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The i n v e s t i g a t o r  fo u n d  t h a t  th e  s t u d e n t s  u s in g  th e  
com puter t o  l e a r n  m a th e m a t ic s  a c h ie v e d  s i g n i f i c a n t l y  
h ig h e r  th a n  s t u d e n t s  who d id  n o t  use c o m p u te rs  t o  l e a r n  
m a th e m a tic s  i n  e x p o n e n t ia l  f u n c t io n s  and l o g a r i t h m s ,  
s i g n i f i c a n t l y  lo w e r  i n  t r i g o n o m e t r i c  i d e n t i t i e s  and 
f o r m u la s ,  and no d i f f e r e n t l y  r a d i c a l s  i n  e q u a t i o n s ,  
complex num bers, and c i r c u l a r  f u n c t i o n s .  A ls o ,  s tu d e n ts  
who used t h e  co m p u te rs  t o  l e a r n  m a th e m a tic s  a c h ie v e d  
s i g n i f i c a n t l y  h ig h e r  i n  t e s t s  o f  l o g i c  and r e a s o n in g  th a n  
s tu d e n ts  who d id  n o t  use  c o m p u te rs .  Th ese  r e s u l t s  a r e  
s i m i l a r  and c l o s e l y  p a r a l l e l  t h e  H a t f i e l d  and K ie r e n  
(1 9 7 2 )  r e s u l t s  in  t h e  a r e a  o f  g e n e ra l  m a th e m a t ic s  
a c h ie v e m e n t o f  s e v e n t h - g r a d e  s tu d e n ts .
Saunders  ( 1 9 7 9 ) ,  s i m i l a r l y  t o  Hoffm an (1 9 7 1 )  i n  t h e  
a r e a  o f  m a th e m a t ic a l  c o n c e p ts  and s k i l l s  d e v e lo p m e n t  
th ro u g h  com puter  p ro g ra m m in g , n o ted  t h a t  t h e  use  o f  
com puter program m ing had no s i g n i f i c a n t  e f f e c t s  on 
a c h ie v e m e n t o r  a t t i t u d e s  o f  a lg e b r a  s t u d e n t s .  A ls o ,  t h e  
i n v e s t i g a t o r  fo u n d  t h a t  t h e  i n t r o d u c t i o n  o f  t h i s  a p proach  
i n t o  th e  t r a d i t i o n a l  a lg e b r a  c u r r ic u lu m  does i n v o l v e  some 
u n c e r t a i n t y  f o r  " h ig h "  a b i l i t y  s t u d e n t s .  In  t h i s  s t u d y ,  
c o m p u te r -e n h a n c e d  r e s o u r c e  m a t e r i a l s  w ere  used w i t h o u t  
t a k i n g  t im e  away fro m  i n s t r u c t i o n  in  a lg e b r a  t o p i c s .  
C om parisons o f  t h e  d a t a  o b t a in e d  fro m  an e x p e r im e n t a l  
group and a c o n t r o l  g ro u p  w ere  made t o  d e t e r m in e  th e  
e f f e c t s  o f  u s in g  t h i s  a p p ro ac h  in  t e a c h in g  a l g e b r a .  The
G * r -
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e x p e r im e n t a l  g roup  w orked  a s s ig n m e n ts  in  a d d i t i o n  t o  
r e g u l a r  le s s o n s .  The c o n t r o l  group d id  n o t  u s e  t h e s e  
a d d i t i o n a l  a s s ig n m e n ts .  Four g ro u p s  w ere  used f o r  
c o m p a r is o n s ,  two e x p e r im e n t a l  g ro u p s  and tw o  c o n t r o l  
g ro u p s .
A n o th e r  i n v e s t i g a t i o n  (L e c u y e r ,  1977) had tw o m a jo r  
com ponents: a te x t b o o k  f o r  c o l l e g e  s t u d e n t s  u s in g  a
program m ing la n g u a g e  and an e x p l o r a t o r y  s tu d y  i n t o  t h e  use  
o f  AF'L program m ing la n g u a g e  in  t e a c h in g  an u n d e r g r a d u a te  
s u rv e y  c o u rs e  in  m a th e m a t ic s .  The s tu d y  was c o n d u c te d  a t  
t h e  U n i v e r s i t y  o f  M a s s a c h u s e t ts  f o r  tw o c l a s s  s e c t i o n s .
One s e c t i o n  was t a u g h t  u s in g  APL and th e  c o m p u te r .  The  
o t h e r  s e c t i o n  was t a u g h t  t h e  same t o p i c s ,  and used t h e  
same t e x tb o o k  b u t  w i t h o u t  APL o r  t h e  c o m p u te r .
The e x p e r im e n t a l  and c o n t r o l  g ro u p s  a nsw ered  a 
m u l t i p l e - c h o i c e  d i a g n o s t i c  p r e t e s t  d e v e lo p e d  by t h e  
i n v e s t i g a t o r  and d e s ig n e d  t o  m easure s t u d e n t s '  
u n d e r s ta n d in g  o f  t h e  t o p i c s  c o v e re d  i n  t h e  s t u d y  (S e t  
T h e o r y ,  F u n c t io n s  and G r a p h in g ,  E x p o n e n t ia ls  and  
L o g a r i t h m ic  F u n c t io n s ,  S t a t i s t i c s ,  V e c t o r s  and M a t r i c e s ,  
and System s o f  L i n e a r  E q u a t io n s ) .
L e u c y e r  (1 9 7 7 )  fo u n d  no s i g n i f i c a n t  d i f f e r e n c e s  in  
a c h ie v e m e n t  (a s  m easured by a s t a n d a r d is e d  t e s t )  between  
th e  tw o  g ro u p s  a t  t h e  end o f  t h e  e x p e r im e n t .  He 
c o n c lu d e d ,  h o w e v e r ,  t h a t  s tu d e n t s  i n  t h e  e x p e r im e n t a l  
group had as  good an u n d e r s ta n d in g  o f  t h e  m a th e m a t ic a l
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c o n c e p ts  as th o s e  s t u d e n t s  who le a rn e d  i n  t h e  c o n v e n t io n a l  
way. T h is  i m p l i e s  t h a t  t h e  computer program m ing s tu d e n ts  
l e a r n e d  tw o  s k i l l s  in  t h e  same amount t im e — com puter  
program m ing and m a th e m a t ic s .
K a tz  (1 9 7 1 )  d i r e c t e d  a re s e a rc h  s tu d y  i n  which  
a v e ra g e  s e c o n d -y e a r  a lg e b r a  s tu d e n ts  s t u d ie d  i n  t h r e e  
d i f f e r e n t  ways. One e x p e r im e n t a l  group w r o te  com puter  
program s i n  c o n j u c t io n  w i t h  r e g u la r  c la s s ro o m  p r e s e n t a t i o n  
o f 19 d i f f e r e n t  a lg e b r a  t o p i c s .  S tu d e n ts '  p ro g ram s  were  
run  by com puter  a id e s  and th e n  r e tu r n e d  t o  th em . In  a 
second e x p e r im e n t a l  g ro u p ,  t h e  s tu d e n ts  a ls o  w r o te  
com puter p rogram s in  c o n ju c t io n  w ith  l e a r n i n g  a l g e b r a ,  b u t  
th e y  ra n  t h e i r  own p rogram s on th e  c o m p u te r .  T im e s p e n t  
in  t h e  com puter  room was ta k e n  from th e  r e g u l a r  c la s s ro o m  
t im e .  A c o n t r o l  g roup  r e c e i v i n g  i n s t r u c t i o n  u s in g  
t r a d i t i o n a l  p r o c e d u re s  le a r n e d  th e  same t o p i c s .  The  
s tu d e n ts  w ere  ra n d o m ly  a s s ig n e d  to  th e  d i f f e r e n t  g ro u p s .  
The co m p u ter  f a c i l i t i e s  c o n s is te d  o f  a D i g i t a l  Equ ipm ent  
C o r p o r a t io n  P D P -8 /S  c o m p u te r ,  a long w i t h  one l i n e  and one  
o f f - l i n e  t e l e t y p e .
The C o o p e r a t iv e  M a th e m a t ic s  T e s t - A lg e b r a  I I  was 
a d m in is t e r e d  t o  t h e  s t u d e n t s .  A ls o ,  tw o t e s t s  d e v e lo p e d  
f o r  t h e  s tu d y  ( c o n s i s t i n g  o n ly  o f a lg e b r a  t o p i c s  t h a t  w ere  
r e l a t e d  t o  c o m p u te r  program m ing) were a d m in is t e r e d  as  
m id - te r m  and f i n a l  e x a m in a t io n s .  C om parisons made among 
t r e a t m e n t s  based on m id - te r m  and f i n a l  e x a m in a t io n s
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r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e s  among t h e  t h r e e  
g ro u p s .  The most e f f e c t i v e  use  o f  th e  com puter was h a v in g  
s t u d e n t s  w r i t e  co m p u te r  p ro g ra m s  t h a t  w ere  ru n  by a id e s .  
The s t u d e n t s  r u n n in g  t h e i r  own program s d id  n o t  a p p e a r  t o  
b e n e f i t  fro m  t h e  e x p e r i e n c e .
C a l c u l u s . S i m i l a r l y  t o  M i l n e r  (1 9 7 2 )  i n  t h e  
a r e a  o f  g e n e r a l  m a th e m a t ic s  a c h ie v e m e n t ,  t h e  f o l l o w i n g  two  
s t u d i e s  i n v e s t i g a t e d  t h e  e f f e c t s  o f  com puter  program m ing  
on a c h ie v e m e n t  i n  i n t r o d u c t o r y  c a l c u l u s  c o u r s e s .  The  
f i r s t  o n e , by B i t t e r  and S l a u c h e r t  ( 1 9 7 1 ) ,  i s  an 
e x p e r im e n t  i n  w h ich  t h e  e x p e r im e n t a l  and t h e  c o n t r o l  
g ro u p s  ( f ro m  each  o f  t h r e e  p a r t i c i p a t i n g  c o l l e g e s )  
r e c e iv e d  t h e  same m a th e m a t ic a l  c o n t e n t  by t h e  same 
i n s t r u c t o r .  In  t h e  e x p e r im e n t a l  g ro u p ,  t h e  norm al  
a s s ig n m e n ts  w ere  r e p la c e d  by co m p u te r  homework e x e r c i s e s .  
They used programmed m a t e r i a l s  d u r in g  t h e  f i r s t  week t o  
l e a r n  BASIC program m ing  and a f t e r  t h i s  f i r s t  week had t o  
w r i t e  t h e i r  own p ro g ra m s  t o  s o l v e  th e  a s s ig n m e n ts .
The i n v e s t i g a t o r s  fo u n d  t h a t  th e  s t u d e n t s  who 
r e c e i v e d  c o m p u t e r - o r i e n t e d  i n s t r u c t i o n  a c h ie v e d  
s i g n i f i c a n t l y  h ig h e r  th a n  th o s e  who d id  n o t  r e c e i v e  t h e  
t r e a t m e n t .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  r e p o r t e d  i n  
t h e  i n t e g r a l  c a l c u l u s  t e s t  i t e m s .
The second s tu d y  was d e v e lo p e d  by H o lo ie n  ( 1 9 7 1 ) .
The r e s e a r c h  was c o n d u c te d  d u r in g  th e  f a l l  q u a r t e r ,  1 9 6 9 ,
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a t  Morehead S t a t e  C o l l e g e .  T re a tm e n t  u t i l i z e d  i n  t h e  
m orning c la s s e s  was r e p l i c a t e d  in  t h e  a f t e r n o o n  (2 9  
s tu d e n ts  in  t h e  m o rn in g  and 30  s tu d e n ts  i n  t h e  a f t e r n o o n ) .  
S tu d e n ts  w ere  ra n d o m ly  a s s ig n e d  t o  c la s s e s  a t  each  t im e  
p e r io d .  Two t e a c h e r s  w ere  i n v o lv e d ,  each one t e a c h in g  an 
e x p e r im e n t a l  and a c o n t r o l  g ro u p .
The i n v e s t i g a t o r  r e q u i r e d  th e  use o f  a com puter  
t e r m in a l  t o  c o m p le te  homework a ss ig n m e n ts  d u r in g  a p o r t io n  
o f c la s s  t im e  (a b o u t  5 0 ’/.) f o r  th e  e x p e r im e n t a l  g ro u p s .
The s t u d e n t s  w ere  r e q u i r e d  t o  w r i t e  c o m p u te r  p ro g ram s  t o  
o b t a in  n u m e r ic a l  r e s u l t s  t o  m a th e m a t ic a l  c o n c e p ts  b e in g  
d e v e lo p e d .  Homework a s s ig n m e n ts  w ere  t h e  same f o r  th e  
e x p e r im e n t a l  and c o n t r o l  g ro u p s ,  e x c e p t  f o r  t h e  com puter  
program s a s s ig n e d  t o  t h e  e x p e r im e n t a l  g ro u p s .
Teacher— made t e s t s  w ere  used t o  a s s e s s  s t u d e n t s '  
a c h ie v e m e n t i n ,  and a t t i t u d e s  to w ard  m a th e m a t ic s .
A n a ly s is  o f  v a r i a n c e  was co n d u cted  t o  a n a ly z e  t h e  d a t a .  
The i n v e s t i g a t o r  fo u n d  t h a t  t h e r e  was e v id e n c e  i n d i c a t i n g  
t h a t  a c h ie v e m e n t  f o r  one o f  t h e  e x p e r im e n t a l  g ro u p s  was 
s i g n i f i c a n t l y  h ig h e r  th a n  f o r  i t s  c o r r e s p o n d in g  c o n t r o l  
g ro u p . A ls o ,  t h e r e  was e v id e n c e  t h a t  s t u d e n t s  o f  lo w e r  
a b i l i t y  w ere  h e lp e d  more by t h i s  a p p ro ac h  o f  l i m i t e d  
acc e ss  t o  t h e  co m p u te r  t e r m i n a l  th a n  th o s e  s t u d e n t s  o f  
h ig h e r  a b i l i t y .
S t a t i s t i c a l  a n a l y s i s  o f  th e  p r o p o r t i o n  o f  c o r r e c t  
re s p o n s e s  t o  an i t e m  by t h e  d i f f e r e n t  g ro u p s  showed t h a t
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some i te m s  w ere  h a n d le d  b e t t e r  by s t u d e n t s  i n  t h e  
ex p e r i  m e n ta l g ro u p s .  Two c o n c e p ts  p re d o m in a te d  a f t e r  
c a t e g o r i z i n g  t h e  i te m s  answ ered c o r r e c t l y  more f r e q u e n t l y  
by a t r e a t m e n t  g ro u p .  They w ere  t h e  i t e m s  d e a l i n g  w i th  
th e  l i m i t  o f  f u n c t i o n  a t  a p o i n t ,  and e v a l u a t i n g  a 
f u n c t i o n .  No s i n g l e  c o n c e p t o r  c o n c e p t  a r e a  was found t o  
be answ ered c o r r e c t l y  by more c o n t r o l  g ro u p  s t u d e n t s .
In  a s i m i l a r  s t u d y ,  B e l l  (1 9 7 0 )  c o n d u c te d  a s ix -w e e k  
e x p e r im e n t  a t  C o r n e l l  U n i v e r s i t y  t o  d e t e r m in e  t h e  
e f f e c t i v e n e s s  o f  t e a c h in g  an i n t r o d u c t o r y  c a l c u l u s  c o u rse  
u s in g  a c o m p u t e r - o r ie n t e d  a p p ro a c h .  The c o u r s e  t o p ic s  
in c lu d e d  e le m e n t a r y  f u n c t i o n s ,  p r o b a b i l i t y ,  and c a l c u l u s .  
The c o n t r o l  g ro u p s  (4 6  s t u d e n t s )  s t u d i e d  c a l c u l u s  by u s in g  
a c a l c u l u s  manual w r i t t e n  by t h e  i n v e s t i g a t o r .  The  
e x p e r im e n t a l  g ro u p  (4 9  s t u d e n t s )  s t u d i e d  c a l c u l u s  by u s in g  
a s i m i l a r  m a n u a l,  e x c e p t  t h a t  i t  in c lu d e d  s i x  com puter  
o r i e n t e d  p ro g ra m s . T - t e s t  and a n a l y s i s  o f  c o v a r ia n c e  were  
used f o r  t e s t i n g  t h e  h y p o th e s e s ,  u s in g  means o f  s c o re s  
o b ta in e d  on f o u r  c a l c u l u s  e x a m in a t io n s  (S A T -m a th e m a tic s  
s c o re  was used as c o v a r i a t e ) .
S i m i l a r l y  t o  H o lo ie n  ( 1 9 7 1 ) ,  B e l l  fo u n d  s i g n i f i c a n t  
d i f f e r e n c e s  f a v o r i n g  t h e  com puter g ro u p .  He c o n c lu d e d  
t h a t  a co m p u ter  o r i e n t e d  a p p ro a c h  t o  c a l c u l u s  i s  an 
e f f e c t i v e  way t o  p ro m o te  s t u d e n t s '  u n d e r s t a n d in g  o f  
c o n c e p ts  and t o  i n c r e a s e  s t u d e n t s '  i n t e r e s t  i n  c a l c u l u s .
He a l s o  c la im s  t h a t  t h i s  a p p ro ach  does n o t  i n t e r f e r e  w i t h
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
68
s t u d e n t s '  l e a r n i n g  t o  a p p ly  te c h n iq u e s  o f  c a l c u l u s .
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I t  i s  d i f f i c u l t  t o  make f i n a l  c o n c lu s io n s  c o n c e rn in g  
t h e  e f f e c t i v e n e s s  o f  co m p u ter  program m ing augm ented  
p rob lem  s o l v i n g  in  m a th e m a t ic s  c la s s ro o m s  b ased  on 
re s e a r c h  f i n d i n g s .  The f o l l o w i n g  i s  a r e v ie w  o f  t h e  
l i t e r a t u r e  r e l a t e d  t o  t h i s  a r e a .
Dne o f  t h e  e a r l y  c la im s  o f  t h e  e f f e c t i v e n e s s  o f  
com puter p rogram m ing  comes fro m  F e u r z e ig  e t  a l . ( 1 9 6 9 ) .
They c la im  t h a t  c o m p u te r  program m ing a c t i v i t i e s  p r o v id e  a 
c o n t e x t  f o r  p ro b le m  s o l v i n g  and {Language w i t h  w h ich  t h e  
s tu d e n t  may d e s c r i b e  h i s / h e r  own p ro b le m  s o l v i n g  
r e a s o n in g .  S e v e r a l  s t u d i e s  have been d e v e lo p e d  around  
t h i s  i d e a ,  b u t  s t i l l  t h e r e  i s  n o t  enough c o n c lu s iv e  
e v id e n c e .
P a p e r t  (1 9 7 3 )  a rg u e d  i n  f a v o r  o f  t h i s  c l a i m ,  n o t in g  
t h a t  w r i t i n g  p ro g ra m s  o f  LOGO " t u r t l e "  g e o m e try  a r e  new 
p ie c e s  o f  m a t e r i a l  t h a t  a l l o w  c l e a r  d is c u s s io n  and s im p le  
models o f  h e u r i s t i c s .  A ls o ,  in  Win d s t o r m s ,  P a p e r t  (1 9 8 0 )  
d is c u s s e s  a p edag ogy  s u r r o u n d in g  LOGO, and s u g g e s ts  t h e  
c o g n i t i v e  b e n e f i t s  t h a t  w i l l  emerge fro m  t a k i n g  " p o w e r fu l  
i d e a s , "  such a s  r e c u r s i o n  and v a r i a b l e ,  i n  " m in d - s iz e "  
b i t e s  ( p r o c e d u r e s ) . He s e e s  "no r e a s o n ■t o  d o u b t  t h a t  t h i s  
d i f f e r e n c e  c o u ld  a c c o u n t  f o r  a gap o f  5  y e a r s  o r  more 
betw een t h e  a g e s  a t  w h ich  c o n s e r v a t io n  o f  num bers and
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c o m b in a t o r ia l  a b i l i t i e s  a r e  a c q u ir e d "  (p .  1 7 5 ) .  T h is  
c la im  i s  based on e x t e n s i v e l y  r e p l i c a t e d  - f in d in g s  o f  a 
l a r g e  gap be tw een  e a r l y  c o n s e r v a t io n  o f num bers , n e a r  age  
7 ,  and l a t e r  c o m b in a t o r ia l  a b i l i t i e s ,  n e a r  age 12 (Pea & 
K u r la n d ,  1 9 8 4 ) .
In  a s tu d y  a l r e a d y  exam ined i n  t h i s  r e p o r t ,  P a p e r t  e t  
a l . (1 9 7 9 )  r e p o r t e d ,  th ro u g h  a n e c d o ta l  m a t e r i a l ,  t h a t
c h i ld r e n  engage i n  e x t e n s i v e  p ro b le m  s o lv in g  and p la n n in g  
a c t i v i t i e s  when l e a r n i n g  program m ing . W hether o r  n o t  such  
a c t i v i t i e s  had c o g n i t i v e  e f f e c t s  beyond program m ing  was 
n o t s t u d i e d .  H o w eve r ,  Evans (1 9 8 5 )  s t u d ie d  t h e  use  o f  
LOGO com puter p rogram m ing  as an e x p l o r a t o r y  e n v iro n m e n t  t o  
f a c i l i t a t e  n a t u r a l  l e a r n i n g  and p ro b lem  s o l v i n g .  The  
a re a s  i d e n t i f i e d  f o r  i n v e s t i g a t i o n  w ere t h e  f o l l o w i n g :  
prob lem  s o l v i n g ,  m o t i v a t io n  t o  l e a r n ,  and a t t i t u d e s  to w a rd  
l e a r n in g  m a th e m a t ic s .  S c h o o ls  p r e s e l e c t e d  by a sch o o l  
system  p rogram  w i t h  f o u r t h - g r a d e r s  w ere  in v o lv e d  in  t h e  
one s em e s te r  s t u d y .  The b a s is  f o r  s e l e c t i o n  was n o t  
i n d i c a t e d  i n  t h i s  r e p o r t .  A n o n - e q u iv a le n t  c o n t r o l  group  
d e s ig n  was used t o  c o n t r o l  f o r  t h i s  d i f f i c u l t y .  Four  
s t a n d a r d is e d  t e s t s  w ere  used f o r  a l l  f o u r t h - g r a d e  s t u d e n t s  
as p r e t e s t  and p o s t t e s t .  One way a n a l y s i s  o f  c o v a r ia n c e  
was p e r fo rm e d  on each o f  t h e  f o u r  m easures . The p r e t e s t  
s c o re s  w ere  used as a c o v a r i a t e .  The i n v e s t i g a t o r  
c o n c lu d e d  t h a t  LOGO program m ing had p o s i t i v e  e f f e c t s  on 
s t u d e n t s '  p ro b le m  s o l v i n g  a b i l i t i e s  and a t t i t u d e s  to w a rd
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l e a r n i n g  m a th e m a t ic s .
S e l e c t i o n  b i a s  i s  one o f  t h e  m a jo r  c o n c e rn s  i n  t h i s  
s t u d y .  A ls o ,  t h e r e  i s  a need f o r  more d e s c r i p t i o n  o f  t h e  
p o p u la t io n  u s e d ,  t h e  number o f  s c h o o ls  p a r t i c i p a t i n g ,  t h e  
d i f f e r e n c e s  among t h e s e  s c h o o ls ,  and t h e  number o f  
s t u d e n t s  p a r t i c i p a t i n g  i n  t h e  s tu d y .  T e ac h e r  e f f e c t  i s  
a n o th e r  im p o r t a n t  u n c o n t r o l l e d  v a r i a b l e  a f f e c t i n g  t h e  
v a l i d i t y  o f  t h e  f i n d i n g s .
Howe e t  a l . (1 9 7 9 )  i n v e s t i g a t e d  th e  com puter
program m ing e f f e c t s  on 11 th ro u g h  13-year— o ld  b o y s ,  
d i v id e d  i n t o  tw o g ro u p s  o f  e le v e n  s tu d e n ts  e ac h .  The 
e x p e r im e n t a l  g ro u p ,  o f  lo w e r  i n i t i a l  a b i l i t y  compared t o  
o t h e r  s t u d e n t s ,  w en t t o  a LOGO com puter c la s s ro o m  d u r in g  
norm al s ch o o l h o u r s ,  and t h e  c o n t r o l  group f o l lo w e d  t h e  
norm al s c h e d u le .  The s t u d e n t s '  p e r fo rm a n c e  on v a r i o u s  
t e s t s  was re c o r d e d  s e v e r a l  t im e s  d u r in g  t h e  t w o - y e a r  
s t u d y .
The e x p e r im e n t a l  g roup  s p e n t  t h e  f i r s t  y e a r  l e a r n i n g  
co m p u te r  p ro g ra m m in g . Id e a s  such as v a r i a b l e s ,  p r o c e d u re s  
and r e c u r s i o n  w ere  in t r o d u c e d  t o  th e  s t u d e n t s .  A ls o ,  
p ro b le m  s o l v i n g  s t r a t e g i e s  l i k e  d e c o m p o s i t io n ,  and t h e  use  
o f d e b u g g in g  s k i l l s  w ere  d is c u s s e d  w i t h  t h e  s t u d e n t s .  The  
second y e a r  t h e  s t u d e n t s  used com puter program m ing t o  
e x p l o r e  m a th e m a t ic s  t o p i c s  ( a r i t h m e t i c ,  a lg e b r a  and 
g e o m e t r y ) .
Howe e t  a l . (1 9 7 9 )  c o n c lu d e d  t h a t  t h e  e x p e r im e n t a l
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group  im proved  in  t h e i r  a b i l i t y  t o  do m a th e m a t ic s  and in  
t h e i r  u n d e r s ta n d in g  o f  m a th e m a t ic s  as compared t o  t h e  
p e r fo rm a n c e  o f  t h e  c o n t r o l  g ro u p .  The c la s s ro o m  t e a c h e r s  
w ere  of t h e  o p in io n  t h a t  t h e  s tu d e n ts  in  t h e  e x p e r im e n t a l  
group " c o u ld  a rg u e  s e n s i b l y  about m a th e m a t ic s  is s u e s  and 
e x p la in  m a th e m a t ic s  d i f f i c u l t i e s  c l e a r l y "  b u t  r a t e d  th e  
c o n t r o l  group  p o o r ly  f o r  t h i s .  These f i n d i n g s  s u g g e s t  
t h a t  com puter program m ing  can b e n e f i t  t h e  l e s s  a b le  
s t u d e n t .  U n f o r t u n a t e l y ,  u n c o n t r o l l e d  f a c t o r s  m ig h t  have  
acco u n ted  f o r  th e  d i f f e r e n c e s  between t h e  c o n t r o l  and  
e x p e r im e n t a l  g ro u p s .  The e x t r a  p e rs o n a l  a t t e n t i o n  g iv e n  
t o  th e  s t u d e n t s  in  t h e  e x p e r im e n t a l  group and t h e  e x t r a  
t im e  s p en t w o rk in g  on m a th e m a t ic s  a r e  e xa m p le s  o f  th e s e  
u n c o n t r o l l e d  v a r i a b l e s .
C lem en ts  and 6 u l l o  (1 9 8 4 )  i n v e s t i g a t e d  t h e  e f f e c t s  of 
l e a r n i n g  co m p u ter  program m ing  compared t o  e x p e r ie n c e s  in  
c o m p u t e r - a s s is t e d  i n s t r u c t i o n  ( C A I ) .  The s t u d y  fo c u s e d  on 
s i x - y e a r - o l d  c h i l d r e n ' s  c o g n i t i v e  s t y l e  ( r e f l e c t i v e  and 
d iv e r g e n t  t h i n k i n g )  , m e t a c o g n i t i v e  a b i l i t y ,  c o g n i t i v e  
deve lo p m en t ( o p e r a t i o n a l  com petence and g e n e r a l  c o g n i t i v e  
m e a s u re s ) ,  and a b i l i t y  t o  d e s c r ib e  d i r e c t i o n s  a t  t h e  end 
o f th e  tw e lv e -w e e k  t r e a t m e n t .  E ig h te e n  f i r s t - g r a d e  
c h i ld r e n  who were ra n d o m ly  a s s ig n e d  t o  one o f  two  
t r e a t m e n t  g ro u p s  (c o m p u te r  program m ing o r  C A I)  
p a r t i c i p a t e d  i n  t h e  s t u d y .  The s tu d e n t s  w ere  p r e t e s t e d  t o  
assess  r e c e p t i v e  v o c a b u l a r y ,  i m p u l s i v i t y / r e f l e c t i v i t y , and
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d i v e r g e n t - t h i n k i n g  a b i l i t i e s .  The f o l l o w i n g  in s t r u m e n t s  
and ta s k s  w ere  a d m in is t e r e d :  Peabody P i c t u r e  V o c a b u la r y
T e s t - R e v is e d  (P P V T -R ) , M a tc h in g  F a m i l i a r  F ig u r e s  T e s t  
(M F F T ) , T o r r a n c e  T e s t s  o f  C r e a t i v e  T h i n k i n g - F i g u r a l  T e s t ,  
two t a s k s  t o  e v a l u a t e  c o g n i t i v e  p ro c e s s e s  ( m e t a c o g n i t i o n ) ,  
f o u r  ta s k s  on l o g i c a l  o p e r a t io n s  ( c l a s s i f i c a t i o n  and 
s e r i a t i o n ) , f o u r  s u b t e s t s  o f  t h e  M c C arth y  S c r e e n in g  T e s t ,  
and a d e s c r i b i n g  d i r e c t i o n s  t a s k .
The i n v e s t i g a t o r s  fo u n d  s i g n i f i c a n t  d i f f e r e n c e s  on 
t h e  T o r ra n c e  T e s t s  o f  C r e a t i v e  T h in k in g  in  f a v o r  o f  t h e  
com puter program m ing group  on f l u e n c y ,  o r i g i n a l i t y  and 
o v e r a l l  d i v e r g e n t  t h i n k i n g  s c o r e .  No s i g n i f i c a n t  
d i f f e r e n c e s  w ere  fo u n d  i n  f a v o r  o f  t h e  CAI g ro u p .  A ls o ,  
t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  on t h e  MFFT f o r  t h e  
LOGO group on e r r o r  and l a t e n c y .  The LOGO group  
s i g n i f i c a n t l y  o u tp e r fo r m e d  t h e  CAI group on t h e  
m e ta c o g n i t io n  t a s k s  ( a b i l i t y  t o  m o n ito r  and e v a l u a t e  t h e i r  
own c o g n i t i v e  p r o c e s s e s ) . No d i f f e r e n c e s  w ere  fo u n d  
b etw een  th e  g ro u p s  i n  c o g n i t i v e  d e v e lo p m e n t .
C le m en ts  (1 9 8 6 )  d e s ig n e d  a r e s e a r c h  p r o j e c t  t o  
i n v e s t i g a t e  d e la y e d  e f f e c t s  o f  com puter program m ing i n  
LOGO on m a th e m a tic s  and c o g n i t i v e  s k i l l s  i n  p r im a r y  g ra d e  
c h i l d r e n .  To a s s e s s  t h e  lo n g - r a n g e  e f f e c t s  o f  LOGO 
p ro g ram m in g , c h i l d r e n  who p a r t i c i p a t e d  in  a s tu d y  
d e v e lo p e d  by C le m e n ts  and G u l lo  (1 9 8 4 )  w ere  t e s t e d  and 
i n t e r v ie w e d  i n  t h e i r  t h i r d  g ra d e  y e a r  ( IB  months a f t e r  t h e
V r~
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end o f  t h e  t r a i n i n g )  . O n ly  two o f  th e  e ig h te e n  s t u d e n t s  
who p a r t i c i p a t e d  i n  t h e  s tu d y  by C lem ents  and B u l l o  (1 9 8 4 )  
d id  n o t  p a r t i c i p a t e  in  t h e  s tu d y  d eve lo p ed  by C le m e n ts  
( 1 9 8 6 ) ,  b o th  s t u d e n t s  f ro m  t h e  CAI group . The in s t r u m e n t s  
used in  t h i s  s tu d y  w ere  t h e  f o l l o w i n g :  th e  Peabody
P i c t u r e  V o c a b u la ry  T e s t - R e v is e d  (P P V T -R ); T e s t  o f  
C o g n i t i v e  S k i l l s  (T C S ) ; and C a l i f o r n i a  A ch ievem ent T e s t ,  
L e v e l  1-^ ' (CAT, L l o )  ■
C lem en ts  (1 9 8 6 )  fo u n d  t h a t  LOGO programming a f f e c t s  
c h i l d r e n ' s  a b i l i t y  t o  c o m p le te  i te m s  t h a t  demand t h e  
a p p l i c a t i o n  of m etaco m p o n en ts . The m etacom ponents a r e  
e x e c u t i v e  s k i l l s  o r  p ro c e s s e s  t h a t  a re  u t i l i s e d  in  
p la n n in g  and e v a l u a t i n g  o n e 's  in f o r m a t io n  p r o c e s s in g .
These s k i l l s  o r  p r o c e s s e s  i n c lu d e :  d e c id in g  on t h e  n a t u r e
of th e  p ro b le m , s e l e c t i n g  a m e n ta l  r e p r e s e n t a t i o n , 
d e c id in g  on p e r fo rm a n c e  com ponents  r e l e v a n t  f o r  t h e  
s o l u t i o n  o f  th e  p ro b le m  and on a s t r a t e g y  f o r  c o m b in in g  
th o s e  com ponents , and m o n i t o r in g  s o lu t io n  p r o c e s s e s .
A ls o ,  t h e r e  was e v id e n c e  t h a t  LOGO had a d i f f u s e d  and  
d e la y e d  e f f e c t  on c e r t a i n  a r e a s  o f  a ch ie v em e n t and p ro b le m  
s o l v i n g .  The i n v e s t i g a t o r  s u g g e s te d  th e  p o s s i b l e  l a c k  o f  
c o n n e c t io n s  be tw een  t h e  sch em ata  c h i ld r e n  may d e v e lo p  i n  
LOGO and th o s e  t h e y  d e v e lo p  i n  t h e  m a th e m atic s  c la s s r o o m .  
He i n d i c a t e d  t h a t  i f  LOGO i s  used t o  d e ve lo p  m a th e m a t ic a l  
c o m p e te n c ie s ,  th e n  "m appings" betw een c h i l d r e n s '  co m p u te r  
e x p e r ie n c e s  and m a th e m a t ic s  e x p e r ie n c e s  must be made and
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b ro u g h t  t o  a l e v e l  o f  e x p l i c i t  a w a re n e s s  f o r  t h e  c h i l d r e n .  
G iven  t h i s  m a p p in g , t h e  d e v e lo p m e n t  o f  m a th e m a t ic a l  
c o m p e te n c ie s  i s  p o s s i b l e  th r o u g h  c o m p u te r  p ro g ram m in g , b u t  
what i s  n o t  known i s  how e f f i c i e n t l y  t h i s  can be d o n e .
The i n v e s t i g a t o r  s u g g e s te d  t h a t  " f u t u r e  s t u d i e s  m igh t  
u t i l i z e  LOGO t r a i n i n g  in  w h ich  t e a c h e r s  a s s i s t  c h i l d r e n  t o  
fo rm  c o r r e c t  and c o m p le te  m a th e m a t ic a l  c o n c e p ts ,  and t o  
c o n s t r u c t  m app ings  betw een  t h e  LOGO e x p e r ie n c e  and t h e i r  
r e g u l a r  m a th e m a t ic s  w ork" (C le m e n ts ,  1 9 8 6 ,  p .  1 0 ) .
In  g e n e r a l ,  t h e s e  tw o s t u d i e s  s u p p o r t  p r e v io u s  
f i n d i n g s  r e g a r d i n g  t h e  p o s i t i v e  e f f e c t s  o f  program m ing on 
some a s p e c ts  o f  s t u d e n t s '  p r o b le f o - s o lv in g  a b i l i t y  and  
u n d e r s t a n d in g  o f  m a th e m a t ic a l  c o n c e p ts .  These  s t u d ie s  
p r o v id e  e v id e n c e  t h a t  c o m p u te r  p rogram m ing  may a f f e c t  
s t u d e n t s '  c o g n i t i v e  s t y l e ,  b u t  t h e r e  i s  no e v id e n c e  t h a t  
i t  a f f e c t s  g e n e r a l  c o g n i t i v e  d e v e lo p m e n t .  The f i n d i n g s ,  
h o w e v e r ,  a r e  l i m i t e d  by t h e  s m a l l  s i z e  o f  t h e  sam p le .
In  a s tu d y  d is c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n ,  B e l l  
(1 9 7 0 )  d e v e lo p e d  a s ix - w e e k  e x p e r im e n t  t o  d e te r m in e  t h e  
e f f e c t i v e n e s s  o f  t e a c h in g  i n t r o d u c t o r y  c o l l e g e  c a l c u l u s  
u s in g  a c o m p u t e r - o r i e n t e d  a p p ro a c h .  The  c o n t r o l  g ro u p  <46 
s t u d e n t s )  s t u d i e d  c a l c u l u s  u s in g  a c a l c u l u s  m an u a l.  The 
e x p e r im e n t a l  g ro u p  <49 s t u d e n t s )  s t u d i e d  c a l c u l u s  u s in g  a 
s i m i l a r  manual c o n t a i n i n g  s i x  p ro b le m s  t o  be s o lv e d  by  
u s in g  c o m p u te r  p ro g ra m m in g . The i n v e s t i g a t o r  found t h a t  
s t u d e n t s  i n  t h e  e x p e r im e n t a l  g ro u p  d id  more and b e t t e r
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m a th e m a t ic a l  p ro b le m  s o lv in g  th a n  th o s e  who d id  n o t  w r i t e  
com puter p ro g ra m s . T h is  - f in d in g  i s  l i m i t e d  by th e  
i n f o r m a l  n a t u r e  o f  t h e  s tu d y .
Some s t u d i e s  have fo u n d  no s i g n i f i c a n t  e f f e c t s ,  and  
o t h e r s  have  fo u n d  mixed e f f e c t s  when e xa m in in g  th e  use o f  
com puter program m ing t o  enhan ce  s t u d e n t ' s  p rob lem  s o l v i n g  
a b i l i t y .  C o l le n b a n c k  <1983) i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  
betw een p ro b le m  s o lv in g  p e r fo rm a n c e  o f  h ig h  school  
t r ig o n o m e t r y  s tu d e n ts  and t h e  d e g re e  o f  t h e i r  e xp o su re  t o  
com puter program m ing . The 98  s t u d e n t s  s e le c t e d  f o r  t h e  
s tu d y  w ere  e n r o l l e d  in  one o f  f o u r  r e g u l a r  o r  e n r ic h e d  
t r ig o n o m e t r y  c la s s e s  in  a p u b l i c  h ig h  schoo l (2 300  t o t a l  
e n r o l  1 inen t) .
One r e g u l a r  and one e n r ic h e d  c l a s s  w hich p a r t i c i p a t e d  
in  BASIC co m p u te r  program m ing s e rv e d  as  e x p e r im e n ta l  
g ro u p s .  The c o n t r o l  group r e c e i v e d  t h e  same i n s t r u c t i o n a l  
e x p e r ie n c e s ,  e x c e p t  com puter p rogram m ing  e x p e r ie n c e s .  A 
p r e -  and p o s t t e s t  o f  p ro b lem  s o l v i n g  a b i l i t y  d e v e lo p e d  by  
th e  i n s t r u c t o r  and a com puter program m ing  t e s t  t o  
a s c e r t a i n  s u b j e c t s '  aw aren ess  o f  co m p u ter  programming  
p ro c e s s e s  w ere  a d m in is te r e d  t o  t h e  s t u d e n t s .  A n a ly s is  o f  
v a r i a n c e ,  a n a l y s i s  o f  c o v a r i a n c e ,  and d e s c r i p t i v e  
s t a t i s t i c s  w ere  used t o  a n a ly s e  t h e  d a t a .  The  
i n v e s t i g a t o r  found  no e v id e n c e  t o  s u p p o r t  t h e  c o n j e c t u r e  
t h a t  t h e  com puter  group o u tp e r fo r m e d  th o s e  w i t h  no 
com puter e x p e r ie n c e  in  p ro b le m  s o l v i n g  s i t u a t i o n s .  A ls o ,
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no e v id e n c e  was -found t o  s u p p o r t  t h e  r e l a t i o n s h i p  betw een  
o n e 's  p ro b le m  s o l v i n g  p e r fo rm a n c e  and h i s / h e r  co m p u ter  
program m ing k n o w led g e .
Rose (1 9 8 3 )  fo u n d  m ixed r e s u l t s  r e g a r d in g  t h e  use  o f  
com puter p rogram m ing  t o  enhan ce  s t u d e n t s '  p ro b le m  s o l v i n g  
a b i l i t y .  F o r t y  f i f t h - g r a d e  s t u d e n t s  w ere  p a i r e d  by  
m atch ing  c o m p o s ite  s c o r e s  on t h e  Iowa T e s t  o f  B a s ic  S k i l l s  
( IT B S ) ,  f o l l o w e d  by random a ss ig n m e n t t o  e x p e r im e n t a l  and  
c o n t r o l  g ro u p s .  B a in s  i n  l o g i c  w ere  m easured by u s in g  t h e  
C o r n e l l  C r i t i c a l  T h in k in g  T e s t  (C C T T ),  and g a in s  in  
s u b j e c t - o r i e n t e d  p ro b le m  s o lv in g  w ere  m easured by u s in g  
th e  D e v e lo p in g  C o g n i t i v e  A b i l i t i e s  T e s t  (D C A T). Both  
t e s t s  w ere  a d m in is t e r e d  as p r e t e s t  and p o s t t e s t .  The  
e x p e r im e n t a l  g roup  r e c e i v e d  a b o u t 20  h o u rs  o f  p rogram m ing  
e x p e r ie n c e ,  w o rk in g  i n  p a i r s  th ro u g h  a s e t  o f  p r i n t e d  
le s s o n s .  The c o m p u te r  la n g u a g e  used i n  t h i s  s tu d y  was n o t  
i d e n t i f i e d  in  t h i s  r e p o r t .  A n a ly s is  o f  c o v a r ia n c e  was 
used f o r  s t a t i s t i c a l  t e s t s .
The i n v e s t i g a t o r  fo u n d  no s i g n i f i c a n t  d i f f e r e n c e s  
between t h e  e x p e r im e n t a l  and c o n t r o l  g ro u p s  on t h e  DACT 
s c o r e s ,  b u t  t h e  e x p e r im e n t a l  group showed s i g n i f i c a n t  
g a in s  on t h e  CCTT and on one o f  i t s  s u b s e ts .  The  
r e s e a r c h e r  c o n c lu d e d  t h a t  com puter program m ing  i n s t r u c t i o n  
ap peared  t o  im p ro v e  t h e  p ro b le m  s o l v i n g  a b i l i t i e s  o f  t h e  
s t u d e n t s ,  e s p e c i a l l y  i n  t h e  a r e a s  o f  h y p o t h e s is  t e s t i n g  
and d e t e r m in a t i o n  o f  r e l e v a n t  d a t a ,  and s u g g e s te d  a
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p o s s i b l e  t r a n s f e r  o f  com puter  program m ing  s k i l l s  t o  a more 
g e n e r a l  p ro b le m  s o lv in g  a b i l i t y .  H o w ever, academ ic  
p ro b le m  s o l v i n g  was n o t  im p ro ved  by t h e  s h o r t - t e r m  
i n s t r u c t i o n  p r o v id e d  in  t h i s  s t u d y .
F o s t e r  (1 9 7 2 )  i n v e s t i g a t e d  s t u d e n t s '  p ro b le m  s o lv in g  
p e r fo rm a n c e  w i t h  re g a rd  t o  n o n - r o u t i n e  p ro b lem  e x p e r ie n c e s  
u s in g  co m p u te r  programming and f l o w  c h a r t s  as  t o o l s .  The  
i n v e s t i g a t o r  h y p o th e s is e d  t h a t  s t u d e n t s  w i t h  e x p e r ie n c e  
u s in g  t h e s e  t o o l s  in  p ro b le m  s o l v i n g  s i t u a t i o n s  would  
o u t p e r fo r m  s t u d e n t s  w i t h o u t  th e s e  e x p e r ie n c e s .  A P rob lem  
S o lv in g  A b i l i t y  T e s t  (PSAT) was a d m in is t e r e d  t o  m easure  
n in e  s e l e c t e d  b e h a v io r s  a s s o c ia t e d  w i t h  p ro b le m  s o lv in g :  
s p e c i f y i n g  c o n d i t io n s  a datum s a t i s f i e s ,  s e l e c t i n g  a  
r e l e v a n t  s o l u t i o n ,  p o s in g  a h y p o t h e s is ,  i d e n t i f y i n g  a 
p a t t e r n ,  s u p p ly in g  m is s in g  i n f o r m a t i o n ,  s e l e c t i n g  r e l e v a n t  
d a t a ,  u s in g  a c o n s t r u c t e d  a l g o r i t h m ,  c o r r e c t i n g  an e r r o r  
i n  a c o n s t r u c t e d  a lg o r i t h m ,  and c o n s t r u c t in g  an a lg o r i t h m .
S i x t y - e i g h t  e ig h t h - g r a d e  s t u d e n t s  fro m  a suburban  
p u b l i c  s c h o o l w ere  p a r t i t i o n e d  i n t o  f o u r  t r e a t m e n t  g ro u p s:  
no s u p p le m e n ta r y  a i d ,  f l o w  c h a r t s  o n l y ,  com puter  o n l y ,  and 
b o th  c o m p u te r  and f lo w  c h a r t s .  T w e n t y - f o u r  n o n s ta n d a rd  
p ro b le m  t a s k s  (12  r e q u i r e d  and 12 o p t io n a ls ) -  a l lo w in g  f o r  
b o th  c o m p u te r  and noncom puter s o l u t i o n s  w ere  p ro v id e d  t o  
each s t u d e n t  o v e r  a 12 week p e r i o d .  The t r e a t m e n t  g roups  
r e c e i v e d  s u p p le m e n ta ry  a id s  and t r a i n i n g  on how t o  use  
them . A f o u r  by t h r e e  f a c t o r i a l  d e s ig n  was used w hich
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in c lu d e d  t h e  f a c t o r s  o f  t r e a t m e n t  and c l a s s ,  and r e a d in g  
n e s te d  w i t h i n  each t r e a t m e n t .  The F‘SAT (a s s e s s in g  th e  
a r e a s  i d e n t i f i e d  above) was a d m in is t e r e d  as  a p o s t t e s t  b u t  
o n ly  t o  a s s e s s  s t u d e n t s '  p e r fo rm a n c e .  A n a ly s is  o f  
v a r ia n c e  and m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  w ere  used  
t o  a n a ly z e  t h e  mean p e r fo rm a n c e  o f  each g ro u p  on t h i s  
t e s t .  P a i r w i s e  co m p ariso n s  o f  mean p e r fo rm a n c e  o f  th e  
f o u r  t r e a t m e n t  g ro u p s  were made by u s in g  a o n e - t a i l e d  
D u n n e t t  t - s t a t i s t i c .
F o s t e r  (1 9 7 2 )  p re s e n te d  e v id e n c e  t h a t  com puter  
program m ing s u p p o r ts  th e  d e v e lo p m e n t o f  p ro b le m  s o lv in g  
b e h a v io r s .  The mean p e r fo rm a n c e  o f  t h e  t r e a t m e n t  group  
w i t h  c o m p u te r  o n ly  was s i g n i f i c a n t l y  h ig h e r  th a n  t h a t  o f  
t h e  group w i t h  no s u p p le m e n ta ry  a i d s .  He c o n c lu d e d  t h a t  
"com puter p rogram m ing  (and t o  a l e s s e r  e x t e n t  f l o w  
c h a r t i n g )  t e n d s  t o  s u p p o r t  t h e  d e v e lo p m e n t o f  s e l e c t e d  
p ro b le m  s o l v i n g  b e h a v io r s ,  e s p e c i a l l y  w i t h i n  v e r b a l  
p ro b le m  s o l v i n g  e x p e r ie n c e s "  (p .  4 2 3 9 ) .
The e v id e n c e  p r e s e n te d  t o  t h i s  p o i n t  i s  n o t  
c o n c l u s i v e ,  b u t  t h e  b a la n c e  o f  t h e  e v id e n c e  i s  f a v o r a b l e  
w i t h  r e s p e c t  t o  t h e  use  o f  co m p u ter  program m ing t o  enhance  
s t u d e n t s '  p ro b le m  s o lv in g  a b i l i t y  ( K i e r e n ,  1 9 7 3 ) .
H ow ever, t h e s e  s t u d i e s  do n o t  p r e s e n t  e v id e n c e  r e g a r d in g  
t h e  c la im  t h a t  com puter program m ing a c t i v i t i e s  p ro m o te s  
l e a r n i n g  o f  more g e n e r a l  p ro b le m  s o l v i n g  s k i l l s  beyond  
pro g ram m in g . The f o l l o w i n g  tw o s t u d i e s  i n v e s t i g a t e d  t h e
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s u p p o s i t io n  t h a t  p ro b le m  s o l v i n g  s k i l l s  l e a r n e d  th ro u g h  
com puter program m ing  may p ro v e  u s e f u l  o r  may have  
c o g n i t i v e  e f f e c t s  beyond program m ing .
S t a t s  (1 9 7 4 )  c a r r i e d  o u t  a s tu d y  t o  a s s e s s  t h i s  
s u p p o s i t io n .  LOGO program m ing was t a u g h t  t o  a group o f  16 
s t u d e n t s ,  r a n g in g  fro m  n in e  t o  e le v e n  y e a r s  o f  age .
B e fo r e  and a f t e r  t h e  t r e a t m e n t ,  t h e  s t u d e n t s  w ere  t e s t e d  
in  f o u r  p ro b le m  s o l v i n g  t a s k s .  A group o f  s tu d e n t s  o f  t h e  
same age l e v e l  and a b i l i t y  p a t i c i p a t e d  as  t h e  c o n t r o l  
g ro u p . The c o n c e p ts  o f  p r o c e d u re ,  r e c u r s i o n ,  v a r i a b l e ,  
c o n d i t i o n a l s  and e d i t i n g  w ere  exam ined i n  a  f o u r - s t a g e  
a c q u i s i t i o n  f ra m e w o rk .  These  c o n c e p ts  w ere  s e a rc h e d  f o r  
in  o t h e r  c o n t e x t s  t o  s tu d y  th e  e f f e c t  o f  t h e  program m ing  
e x p e r ie n c e .
The i n v e s t i g a t o r  fo u n d  t h a t  i n  two (w ord p u z z le  and a 
p e r m u ta t io n  t a s k )  o f  t h e  f o u r  t a s k s  t h e  co m p u te r  group d id  
s i g n i f i c a n t l y  b e t t e r  th a n  t h e  noncom puter g ro u p .  In  th e  
o t h e r  two t a s k s  (Tow er o f  Hanoi t a s k  and a h o rs e  prob lem  
d e v e lo p e d  by t h e  r e s e a c h e r )  no s i g n i f i c a n t  d i f f e r e n c e s  
w ere  fo u n d .  The e x p e r im e n t a l  g roup  s c o re d  s i g n i f i c a n t l y  
h ig h e r  th a n  t h e  noncom puter group on a t e s t  o f  r e c u r s i o n .  
The h y p o t h e s is  t h a t  c h i l d r e n  who h a v e  had LOGO e x p e r ie n c e  
f o r  s e v e r a l  s e m e s te rs  w i l l  p e r fo rm  s i g n i f i c a n t l y  b e t t e r  on 
p ro b le m  s a l v i n g  th a n  s t u d e n t s  who d id  n o t  h ave  t h i s  
e x p e r ie n c e  was n e i t h e r  c o n f i rm e d  n o r  r e j e c t e d .  More  
r e s e a r c h  in  t h i s  a r e a  was s u g g e s te d  by t h e  i n v e s t i g a t o r .
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A ls o ,  th e  d a t a  showed a te n d e n c y  t o  s u p p o r t  t h e  c la im  t h a t  
s tu d e n ts  who worked w i t h  LOSO c o n d i t i o n a l s  w i l l  do b e t t e r
in  t e s t s  o f  p ro b le m  s o l v i n g .  H ow ever, i t  - f a i l e d  t o
s u p p o rt  t h e  h y p o th e s e s  t h a t  t h e  p ro b lem  s o l v i n g  t e s t  
s c o re s  o-f c h i l d r e n  i n  t h e  com puter group a r e  h i g h l y  
c o r r e l a t e d  w i t h  t h e  l e v e l  o f  LOGO l e a r n i n g ,  and t h a t  th e  
com puter group  w i l l  h ave  more p o s i t i v e  a t t i t u d e s  to w ard
c r e a t i v e  p ro b le m  s o l v i n g  th a n  s t u d e n ts  in  t h e  noncom puter
g ro u p .
The i n v e s t i g a t o r  i n t e r p r e t e d  th e s e  f i n d i n g s  as  mixed  
s u p p o r t  t o  t h e  c la im s  t h a t  l e a r n i n g  LOGO program m ing  
prom otes  t h e  d e v e lo p m e n t o f  m ore1 g e n e r a l  s k i l l s .  Success  
was r e p o r t e d  w i t h  t r a n s f e r  o f  a s p e c i f i c  c o n c e p t ,  
r e c u r s io n .
In  t h e  o t h e r  s t u d y ,  Bruggeman (1 9 8 6 )  used f o u r  
e x p e r im e n t a l  g ro u p s  and one c o n t r o l  group t o  exam ine  th e  
above s u p p o s i t io n  and a ls o  t o  exam ine  t h e  e f f e c t s  o f  f o u r  
i n s t r u c t i o n a l  methods upon s o lv in g  co m p u ter  program m ing  
p ro b le m s . D n e -h u n d re d  and t h i r t e e n  s i x t h - g r a d e r s  e n r o l l e d  
in  a co m p u ter  program m ing  c o u rs e  p a r t i c i p a t e d  i n  th e  
s tu d y .
The i n v e s t i g a t o r  fo u n d  t h a t  p a r t i c i p a t i o n  i n  t h e  
com puter program m ing  c o u r s e  had no e f f e c t  upon  
p a r t i c i p a n t s '  a b i l i t y  t o  s o lv e  n o n - r o u t i n e  m a th e m a t ic a l  
word p r o b le m s ,  b u t  s i g n i f i c a n t  a s s o c i a t i o n s  w ere  found  
w ith  t h e  Iow a P ro b le m  S o lv in g  T e s t  used as  p r e t e s t  and t h e
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com puter program m ing p o s t t e s t .  T r a in in g  w i t h  l e s s  complex  
program s was -found t o  im p ro v e  t h e  s t u d e n t s '  d e b u g g in g  
s k i l l s ,  b u t  n e i t h e r  t h e  c o m p le x i t y  nor t h e  i n s t r u c t i o n a l  
methods gave  a r e l a t i v e  a d v a n ta g e  in  s o l v i n g  more complex  
p ro g ra m s . S i m i l a r l y  t o  S t a t s  ( 1 9 7 4 ) ,  Bruggeman c o n c lu d e d  
t h a t  th e s e  - f in d in g s  s u p p o r t  t h e  id e a  w hich  - fa v o rs  t h e  
t e a c h in g  and s tu d y  o-f d o m a in -s p e c i - f ic  r a t h e r  th a n  g e n e r a l  
pro b lem  s o l v i n g  s k i l l s .  The - fo l lo w in g  s tu d y  -focused on 
t h i s  id e a .
S o lo w a y , Lochhead and C lem ent (1 9 8 2 )  t r i e d  t o  i s o l a t e  
s p e c i f i c  f a c t o r s  c o n t r i b u t i n g  t o  more g e n e r a l  r e s u l t s ,  
f o c u s in g  on s im p le  p ro b le m s .  The s tu d y  was based  on th e  
f i n d i n g s  o f  a n o th e r  s tu d y  by C le m e n t ,  Lochhead and Monk 
(1 9 8 1 )  i n  w hich  t h e y  fo u n d  t h a t  s tu d e n ts  seemed t o  have  
c o n s id e r a b le  d i f f i c u l t y  i n  t r a n s l a t i n g  s im p le  a lg e b r a  word 
p ro b lem s  fro m  w r i t t e n  d e s c r i p t i o n  o f  t h e  p ro b le m  i n t o  an 
a l g e b r a i c  e q u a t io n .  A n a l y s i s  o f  e r r o r  p a t t e r n s  su g g e sted  
t h a t  a c o n c e p tu a l  m is u n d e r s ta n d in g  m ig h t h ave  been r e l a t e d  
t o  s t u d e n t s '  re s p o n s e s .  Most o f  t h e  e r r o r s  w e re  r e v e r s a l  
e r r o r s :  6S=P i n s t e a d  o f  S=6P and 4C=5S i n s t e a d  o f  5 0 = 4 8 .
They a rg u e  t h a t  t h e s e  e r r o r s  o c c u r  because  t h e  s tu d e n t s  
a r e  a d o p t in g  a d e s c r i p t i v e  r a t h e r  th a n  a p r o c e d u r a l  
a p p ro a c h ,  and t h a t  p rogram m ing  p r o v id e s  an e n v iro n m e n t  in  
w hich s t u d e n t s  can d e v e lo p  a p r o c e d u r a l  v ie w  o f  p ro b le m  
s o l v i n g .
A p r e t e s t / p o s t t e s t  d e s ig n  was used t o  e x a m in e
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s t u d e n t s '  p e r fo rm a n c e  on a lg e b r a  word p ro b le m s  s i m i l a r  t o  
th e  ones used i n  t h e  above m entioned s t u d y .  S u b je c t s  w ere  
g iv e n  one e q u i v a l e n t  fo rm  o f  th e  t e s t  a t  t h e  b e g in n in g  o f  
th e  s e m e s te r  and t h e  o t h e r  form  a t  t h e  end o f  t h e  
s e m e s te r .  The s t u d e n t s  p a r t i c i p a t i n g  in  t h e  s tu d y  were  
e n r o l l e d  i n  an i n t r o d u c t o r y  programming c o u rs e  u s in g  
P a s c a l .  A c o n t r o l  g roup was s e le c t e d  m a tc h in g  t h e  
e x p e r im e n ta l  g ro u p  background  as c l o s e l y  as  p o s s i b l e .
T h e re  w ere  132  s t u d e n t s  p a r t i c i p a t i n g  in  t h e  e x p e r im e n t .
The i n v e s t i g a t o r  found  t h a t  more s t u d e n t s  s o lv e d  t h e  
pro b lem s  c o r r e c t l y  when th e y  were e x p re s s e d  u s in g  a 
com puter program m ing  ap proach  r a t h e r  th a n  an a l g e b r a i c  
a p p ro a c h .  T h ey  a t t r i b u t e d  t h i s  f i n d i n g  t o  t h e  p r o c e d u r a l  
s e m a n t ic s  o f  e q u a t io n s  in  programming t h a t  m ig h t  be m issed  
in  t h e  a l g e b r a i c  t a s k .
The co m p u te r  program m ing e f f e c t  fo u n d  i n  t h e  above  
s tu d y  i s  much more r e s t r i c t e d  in  scope th a n  t h e  in c re m e n ts  
in  g e n e r a l  p ro b le m  s o l v i n g  s k i l l  p r e s e n te d  by t h e  
c o g n i t i v e  t r a n s f e r  c la im s  (Pea and K u r la n d ,  1 9 8 4 ) .  B ut as  
s u g g e s te d  b e f o r e ,  i t  c o u ld  be a good ap p ro ac h  t o  a n a ly s e  
th e  e f f e c t s  w h ich  l e a r n i n g  computer p rogram m ing  has  on 
s t u d e n t s '  c o g n i t i o n .  T h is  becomes more i m p o r t a n t  b ecau se  
we a r e  n o t  c e r t a i n  w h e th e r  i n t e l l e c t u a l  a c t i v i t y  i s  g u id e d  
by g e n e r a l  d o m a in - in d e p e n d e n t  p ro b lem  s o l v i n g  s k i l l s  o r  by  
d o m a in -d e p e n d e n t  p ro b le m  s o lv in g  s k i l l s  (Pea and  
K u r la n d ,  1 9 B 4 ) . Ross and Howe (1981 ) s u g g e s t  t h a t  i n  "most
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p ro b lem  s o l v i n g  t a s k s  i t  i s  im p o s s ib le  t o  a p p ly  t h e  
supposed c o n t e x t - f r e e  s k i l l  w i t h o u t  i n i t i a l l y  h a v in g  
e s s e n t i a l l y  d o m a i n - s p e c i f i c  k n o w led g e"  (p .  2 1 ) .
Summary
The r e s e a r c h  exam ined  so  -far r e g a r d i n g  t h e  e f f e c t s  o f  
com puter program m ing  on s t u d e n t s '  c o g n i t i v e  deve lo p m en t i s  
n o t  c o n c l u s i v e .  H o w e ve r ,  t h e r e  i s  e v id e n c e  t h a t  t h e r e  
a r e ,  i n  f a c t ,  some c o g n i t i v e  e f f e c t s  i n  s p e c i f i c  a r e a s ,  
such as t h e  c o n c e p t  o f  v a r i a b l e .  B ecau s e  t h i s  body o f  
r e s e a r c h  i n v o l v e s  a g r e a t  v a r i e t y  o f  v a r i a b l e s ,  
g e n e r a l i z a t i o n  i s  more d i f f i c u l t .  T h ese  v a r i a b l e s  i n c lu d e  
schoo l l e v e l s ,  s t u d e n t s '  a g e s ,  sex and a b i l i t y  l e v e l s ,  
m a th e m a t ic a l  c o n t e n t ,  and co m p u ter  la n g u a g e .  The f u l l  
im p a c t o f  co m p u ter  p rogram m ing  i s  s t i l l  t o  be d e te rm in e d  
(C h a rp ,  1 9 B 1 ) .  R e p l i c a t i o n  o f  s e v e r a l  s t u d i e s  u s in g  new 
t e c h n o lo g ie s  and m e th o d o lo g ie s ,  and t a k i n g  a d v a n ta g e  o f  
re s e a r c h  f i n d i n g s  t o  t h i s  p o i n t  m ig h t  be o f  v a lu e  (Camp & 
M a r c h i o n i n i , 1 9 8 1 ) .
U n c o n t r o l l e d  v a r i a b l e s  and e f f e c t s  fo u n d  in  th e s e  
s t u d i e s  a r e  m a jo r  c o n c e rn s  r e g a r d i n g  t h e  v a l i d i t y  o f  t h e  
f i n d i n g s .  C l a r k  (1 9 8 5 )  a r g u e s  t h a t  t h e  m a jo r  u n c o n t r o l l e d  
e f f e c t s  a r e  d i f f e r e n t  i n s t r u c t i o n a l  m e th o d s , c o n te n t  
a n d /o r  n o v e l t y ,  and d i f f e r e n t  o r  t h e  same i n s t r u c t o r  
t e a c h in g  t h e  c o n t r o l  and e x p e r im e n t a l  g ro u p s .  The m a jo r  
t h r e a t  i s  t o  t h e  e x t e r n a l  v a l i d i t y  o f  t h e  r e s u l t s ;  t h a t
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is .,  how much we can g e n e r a l i s e  t h e  - f in d in g s .  In  o t h e r  
w ords , t o  what p o p u l a t i o n ,  v a r i a b l e s ,  and s i t u a t i o n s  can  
th e  - f in d in g s  be g e n e r a l i z e d .  I t  i s  i m p o r t a n t  t o  lo o k  a t  
t h e  cau ses  as  w e l l  as th e  e -f- fec ts ;  we need t o  know 
e x a c t l y  w hat makes t h e  d i- f - fe re n c e .
A n o th e r  l i m i t a t i o n  o-f th e s e  s t u d i e s  i s  r e l a t e d  t o  
some o-f t h e  - f in d in g s  r e g a r d in g  n o v ic e  and e x p e r t  
program m ers. Most i n v e s t i g a t o r s  h ave  - f a i l e d  t o  
acknow ledge  t h e  d i f f e r e n c e s  betw een n o v ic e  and e x p e r t  
program m ers and have made c la im s  t h a t  a r e  n o t  i n  
a c c o rd a n c e  w i t h  t h e i r  s h o r t - t e r m  t r e a t m e n t s .  Most o f  
th e s e  s t u d i e s  h ave  exam ined h i g h - l e v e l  c o g n i t i v e  t r a n s f e r  
or o u tco m es , e x p e c te d  t o  emerge o n ly  when t h e  s t u d e n t  has  
h i g h - l e v e l  p rogram m ing s k i l l s .  H o w ever ,  b e ca u s e  o f  th e  
s h o r t - t e r m  d u r a t i o n  o f  th e  t r e a t m e n t s ,  f ro m  s ix  months to  
a y e a r  in  most c a s e s ,  th e  l e v e l s  a t t a i n e d  by t h e  s t u d e n ts  
in  th e s e  s t u d i e s  a r e  low (Pea 8< K u r la n d ,  1 9 8 4 ) .  T h is  i s  a 
mismatch o f  " t r e a t m e n t  and t r a n s f e r  a s s e s s m e n ts ,  because  
o f t h e  f a i l u r e  t o  i d e n t i f y  t h e  k in d  o f  t r a n s f e r  and t h e i r  
r e l a t i o n s h i p  w i t h  d i f f e r e n t  l e v e l s  o f , p rogram m ing  s k i l l s "  
(Pea and K u r la n d ,  1 98 4 , p. 1 2 ) .
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Li§CQi.D9_§Qd_M§fflor^
The p u rp o s e  o-f t h i s  s e c t io n  i s  t o  p r o v i d e  background  
i n f o r m a t i o n  r e g a r d i n g  th e  c o n s t r u c t s  o-f l e a r n i n g  and 
memory. I t  i s  d i v id e d  in  -four p a r t s :  d e f i n i n g  l e a r n i n g ,
d i s t i n c t i o n  be tw een  l e a r n i n g  and p e r fo r m a n c e ,  modern  
c o n c e p t io n  o f  l e a r n i n g ,  and memory and i n f o r m a t i o n  
s t o r a g e .
S§£iQiQ9_!=§3!lQiQ9
Bower and H i l g a r d  <1981) p o i n t  o u t  t h a t  w h i l e  i t  i s  
e x t r e m e ly  d i f f i c u l t  t o  f o r m u la t e  a s a t i s f a c t o r y  d e f i n i t i o n  
o f l e a r n i n g ,  t h i s  d i f f i c u l t y  i s  n o t  a s o u rc e  o f  
c o n t r o v e r s y  b e tw een  t h e o r i e s  w hich  a t t e m p t  t o  e x p l a i n  th e  
l e a r n i n g  p ro c e s s ;  ho w e ve r ,  t h e  c o n t r o v e r s y  i s  o v e r  f a c t  
and i n t e r p r e t a t i o n  o f  l e a r n i n g .  F o r  e x a m p le ,  b e h a v io r a l  
t h e o r i e s  o f  l e a r n i n g  fo c u s  p r i m a r i l y  on ch an g es  in  
b e h a v io r  (ch an g es  i n  what t h e  l e a r n e r  d o e s ) ,  b u t  th e  
c o g n i t i v e  t h e o r i e s  o f  l e a r n i n g  fo c u s  on c h an g es  in  c o n te n t  
o r  s t r u c t u r e  o f  know ledge in  memory (c h a n g es  i n  what th e  
l e a r n e r  k n o w s ) .  In  g e n e r a l , l e a r n i n g  i s  d e f i n e d  a s  " th e  
r e l a t i v e  p e rm an e n t change i n  a p e r s o n 's  k n o w led g e  o r  
b e h a v io r  due t o  e x p e r ie n c e "  ( M i t z e l ,  B e s t  and R o b i n o w i t i z ,  
1 9 8 2 ,  p .  1 0 4 2 ) .  As th e y  s t a t e ,  t h i s  d e f i n i t i o n  o f  
l e a r n i n g  has t h r e e  com ponents: " ( 1 )  t h e  d u r a t i o n  o f
change i s  l o n g - t e r m  r a t h e r  th a n  s h o r t - t e r m ;  (2 )  t h e
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fo c u s  o f  change i s  t h e  c o n t e n t  and s t r u c t u r e  o f  k now ledge  
i n  memory o r  t h e  b e h a v io r  o f  t h e  l e a r n e r ;  (3 )  t h e  v a lu e  
o f t h e  change  i s  t h e  l e a r n e r ' s  e x p e r ie n c e  in  t h e  
e n v iro n m e n t  r a t h e r  th a n  f a t i g u e ,  m o t i v a t i o n ,  d r u g s ,  
p h y s ic a l  c o n d i t i o n s ,  o r  p s y c h o lo g ic a l  i n t e r v e n t i o n " '  <p. 
1 0 4 0 ) .  T h is  d e f i n i t i o n  i n d i c a t e s  t h e  r e l a t i o n s h i p  t h a t  
e x i s t s  b e tw een  l e a r n i n g  and memory.
5 i§ £ iQ c t ig n _ b e tw e e n _ L e a rn i .n g _ a n d _ P e r£ g rm § n c e
A d i s t i n c t i o n  must be made betw een  l e a r n i n g  and 
p e r fo rm a n c e ,  s in c e  p e r s o n 's  p e r fo rm a n c e  may n o t  a lw a y s  
g iv e  an i n d i c a t i o n  o f  w hat he/shfe has le a r n e d  ( M i t z e l , 
B e s t and R o b in o w i t z ,  1 9 B 2 ) . " L e a r n in g "  r e f e r s  t o  t h e  
a q u i s i t i o n  o f  k n o w led g e  o f  b e h a v io r ,  w h i l e  " p e r fo rm a n c e "  
r e f e r s  t o  a c t u a l  b e h a v io r  t h a t  a l e a r n e r  e x h i b i t s  on a 
g iv e n  o c c a s io n .  F o r  e x a m p le ,  p e r fo rm a n c e  on a p o s t t e s t  
may be a f f e c t e d  by w here  t h e  t e s t  i s  a d m in is t e r e d ,  t h e  
s t r e s s  e x p e r ie n c e d  by t h e  s t u d e n t ,  a n d /o r  t h e  f o r m a t  o f  
t h e  t e s t  ( M i t z e l ,  B e s t  and R o b in o w i t z ,  1 9 8 2 ) .  L e a r n i n g ,  
h o w e v e r ,  can n o t  be o b s e rv e d  d i r e c t l y ,  and i t s  p re s e n c e  
must be i n f e r r e d  fro m  o b s e r v in g  changes i n  p e r fo rm a n c e  
(D rew e , 1 9 7 6 ) .
! jp d e rn _ C o n c e g t ig n _ g f  _ L e a r n in g
Most i n v e s t i g a t o r s  have  s h i f t e d  f ro m  a 
" c o n n e c t i o n i s t " v ie w  o f  l e a r n i n g  t o  an " i n f o r m a t i o n -
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p ro c e s s in g "  v ie w  o-f l e a r n i n g  <Gagne, 1 9 7 3 ) .  The  
c o n n e c t io n is t  v ie w  s t a t e s  t h a t  r e p e t i t i o n  in c r e a s e s  t h e  
s t r e n g t h  o f  le a r n e d  c o n n e c t io n s  ( t h e  more r e p e t i t i o n ,  w i th  
l i m i t s ,  t h e  b e t t e r  t h e  l e a r n i n g ) ,  and r e p e t i t i o n  i s  needed  
t o  in s u r e  re m e m b e r in g .
S e v e ra l  i n v e s t i g a t o r s  h ave  c h a l le n g e d  t h i s  v ie w  o f  
l e a r n in g  and memory. Gagne, M ayor, G a rs te n s  and P a r a d is e  
(1 9 62 )  c o n d u c ted  a s tu d y  in  w hich s e v e n t h - g r a d e  s tu d e n t s  
le a r n e d  a b o u t t h e  a d d i t i o n  o f  i n t e g e r s .  One group  o f  
s tu d e n ts  was g iv e n  f o u r  o r  f i v e  t im e s  as  many p r a c t i c e  
p rob lem s on each o f  t e n  s k i l l s  as w ere  g iv e n  t o  a n o th e r  
g ro u p . No d i f f e r e n c e  was fo u n d  in  s t u d e n t s '  f i n a l  
per-f ormarice.
G ibson (1 9 6 4 )  a l s o  s t u d ie d  th e  e f f e c t  o f  p r a c t i c e  on 
s t u d e n t s '  p e r fo r m a n c e .  The sam ple in c lu d e d  t h i r d -  and 
f o u r t h - g r a d e  s t u d e n t s  who le a r n e d  how t o  r e a d  numbers in  
d e c im a l fo rm ,  w r i t e  numbers in  d e c im a l fo r m ,  and l o c a t e  
de c im a l numbers on a  number l i n e .  One g ro u p  o f  s t u d e n t s  
r e c e iv e d  a t o t a l  o f  t e n  p r a c t i c e  exam p les  f o r  each s k i l l  
( i n t e r m e d ia t e  amount o f  p r a c t i c e ) ,  a second gro u p  r e c e iv e d  
25 f o r  each ( l a r g e  amount o f  p r a c t i c e ) ,  and a t h i r d  group  
r e c e iv e d  none a t  a l l  (no p r a c t i c e ) .  D i f f e r e n t  amount o f  
p r a c t i c e  was fo u n d  t o  h ave  no e f f e c t  on s t u d e n t s '  
p e r fo rm a n c e  a t  t h e  end o f  t h e  t r e a t m e n t  and f i v e  weeks  
a f t e r  t r e a t m e n t .
In  th e s e  s t u d i e s ,  p r a c t i c e  was n o t  fo u n d  t o  be a
e p -
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s i g n i f i c a n t  f a c t o r  a f f e c t i n g  s t u d e n t s '  r e t e n t i o n .  Gagne 
(1 9 7 3 )  s u g g e s ts  t h a t  i f  p r a c t i c e  i s  n o t  a f a c t o r ,  th e n  
s t u d e n t s '  c o g n i t i v e  e n t r y  sh o u ld  a c c o u n t  f o r  t h e i r  
d i f f e r e n c e s  i n  r e t e n t i o n  o f  l e a r n i n g .
Modern t h e o r i s t s  c o n s id e r  t h e  c o n n e c t i o n i s t  v ie w  of  
l e a r n i n g  as t o o  s im p le  (Gagne, 1 9 7 3 ) .  The modern p o in t  o f  
v ie w  te n d s  t o  r e g a r d  l e a r n i n g  as a com plex c o m b in a t io n  of  
p ro c e s s e s  t a k i n g  p la c e  in  th e  s t u d e n t s '  n e rv o u s  system  
( S y w l e s t e r ,  1 9 8 5 ) .  T h is  v ie w  i s  o f t e n  c a l l e d  an 
" i n f o r m a t i o n - p r o c e s s i n g "  c o n c e p t io n  o f  l e a r n i n g .
A c c o rd in g  t o  t h i s  t h e o r y ,  in f o r m a t io n  i s  f i r s t  p ro cessed  
by t h e  s e n s o ry  r e g i s t e r ,  th e n  i t  e n t e r s  t h e  s h o r t - t e r m  
memory, and f i n a l l y  i t  i s  t r a n s f e r r e d  t o  t h e  lo n g - t e r m  
memory. T h e se  t h r e e  s ta g e s  a r e  d is c u s s e d  i n  t h e  n e x t  
s e c t i o n .
t j § 2 2 ! 2 y _ § Q d _ I n f  o r m a t  io n _ S to r a g e
Memory p l a y s  an im p o r t a n t  r o l e  i n  l e a r n i n g ;  w i th o u t  
memory, s t u d e n t s  w ould  have no kn o w led g e  o f  p a s t  e v e n ts  
( K e e le ,  1 9 7 3 ) .  The s tu d y  o f  l e a r n i n g  and memory may be 
r e g a r d e d  as  r e s e a r c h  i n t o  how p a s t  e x p e r ie n c e s  a r e  a b le  t o  
a f f e c t  i n f o r m a t i o n  p r o c e s s in g  and t h e  r e s u l t a n t  
p e r fo rm a n c e  (D re w e ,  1 9 7 6 ) .  Drewe s t a t e s  t h a t  " s t u d ie s  o f  
l e a r n i n g  te n d  t o  c o n c e n t r a t e  on t h e  a c q u i s i t i o n  o f  
know ledge  a b o u t  e v e n ts  and th o s e  o f  memory on how 
r e t e n t i o n  o r  r e t r i e v a l  o f  i n f o r m a t i o n  i s  a f f e c t e d  w i th
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
t im e "  (p . 6 7 ) .  Thus , s t u d i e s  in  l e a r n i n g  and s t u d i e s  in  
memory r e p r e s e n t  a d i f f e r e n c e  in  o r i e n t a t i o n  r a t h e r  th a n  
s u b je c t  m a t t e r  i n v e s t i g a t e d  (D rew e , 1 9 7 6 ) .
M i t z e l ,  B e s t  and R o b in o w i tz  (19B2) i n d i c a t e  t h a t  
memory c o n s is t s  o f  two p ro c e s s e s :  s t o r i n g  in f o r m a t i o n  and
r e t r i e v i n g  i n f o r m a t i o n .  P s y c h o lo g is t s  h ave  d i v id e d  
in f o r m a t io n  s t o r a g e  i n t o  t h r e e  s ta g e s :  s e n s o r y  r e g i s t e r ,
s h o r t - t e r m  memory, and l o n g - t e r m  memory.
Sensory  R e g i s t e r . In f o r m a t io n  i s  f i r s t  
pro cessed  i n  t h e  s e n s o ry  memory. I t  i s  t h e  a c t  o f  t a k in g  
in f o r m a t io n  and a b s o rb in g  i t  i n t o  th e  s e n s o ry  r e g i s t e r ,  
two exam ples  b e in g  s i g h t ,  and sound ( K e e le ,  1 9 7 3 ) .  
In f o r m a t io n  i n  t h i s  s t o r a g e  d ecays  q u i c k l y  ( w i t h i n  a 
second) and w ould  be i r r e v o c a b l y  l o s t  i f  n o t  t r a n s f e r r e d  
t o  a " s h o r t - t e r m  memory s t o r e "  ( N e is s e r ,  1 9 6 7 ) .  N e is s e r  
adds t h a t  t h i s  p ro c e s s  i s  c o n s id e r e d  v e r y  s e l e c t i v e  and 
o n ly  i n f o r m a t i o n  t h a t  t h e  p e rso n  r e c o g n iz e s  and c o n s id e r s  
im p o r ta n t  i s  passed on t o  o t h e r  s ta g e s  o f  memory. A ls o ,  
A tk in s o n  and S h i f f r i n  (196B ) i n d i c a t e  t h a t  t h i s  p ro c e s s  i s  
a f f e c t e d  by o u r  p r e v io u s  know ledge and a t t e n t i o n .
S o r t - t e r m  Memory. The s h o r t - t e r m  memory i s  
c o n s id e re d  t h e  c e n t e r  o f  a c t i v i t y  in  t h e  i n f o r m a t i o n  
p ro c e s s in g  sys tem  (K e p p e l and Underwood, 1 9 6 2 ;  R e itm a n ,  
1971; Waugh and Norm an, 1 9 6 5 ) .  I t  i s  more s e l e c t i v e  and
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s l i g h t l y  more p e rm an e n t th a n  s e n s o ry  memory, and i s  
d e m o n s tra te d  when t h e  s t u d e n t  r e c a l l s ,  f o r  e x a m p le ,  a 
te le p h o n e  num ber, an a d d r e s s ,  d i r e c t i o n s  f o r  a s s e m b lin g  a 
t o y ,  o r  s i m i l a r  i n f o r m a t i o n  j u s t  lo n g  enough f o r  im m e d ia te  
u se . K e e le  (1 9 7 3 )  i n d i c a t e s  t h a t  m a t e r i a l  i n  s h o r t - t e r m  
memory w i l l  d is a p p e a r  in  10 t o  20 seconds i f  i t  i s  n o t  
r e p e a te d  o r  p r a c t i c e d .
A c c o rd in g  t o  A tk in s o n  and S h i f f r i n  ( 1 9 6 8 ) ,  an 
im p o r ta n t  p r o c e s s  t a k e s  p la c e  in  t h e  s h o r t - t e r m  memory.
I t  i s  an i n t e r n a l  r e v ie w in g  m echanism, c a l l e d  a  r e h e a r s a l  
b u f f e r ,  w h ich  o r g a n is e s  and r e h e a r s e s  t h e  i n f o r m a t i o n .  
In f o r m a t io n  i s  n o t  t r a n s f e r r e d  in  raw fo r m ,  b u t  i t  i s  
t r a n s fo r m e d  o r  coded i n  some way w hich w i l l  make i t  e a s i e r  
to  remember (S a g n e ,  1 9 7 3 ) .  I f  p r a c t i c e  c o n t i n u e s ,  th e  
in f o r m a t io n  may be t r a n s f e r e d  t o  lo n g - t e r m  memory and 
p e rm a n e n t ly  s t o r e d .  M i l l e r ' s  (1 9 5 6 )  g e n e r a l l y  a c c e p te d  
t h e o r y  m a in t a in s  t h a t  s h o r t - t e r m  memory can h o ld  on t o  
o n ly  seven i t e m s ,  p lu s  o r  m inus tw o i te m s  a t  a t i m e .  
In f o r m a t io n  i n  t h e  s h o r t - t e r m  memory can come f ro m  e i t h e r  
th e  s e n s o ry  memory o r  t h e  l o n g - t e r m  memory.
L o n g - te rm  Memory. When th e  p r o d u c ts  o f  
l e a r n i n g  p e r s i s t  beyond an im m e d ia te  o c c a s io n  f o r  t h e i r  
u s e ,  l o n g - t e r m  memory i s  o b s e rv e d .  I t  has  a v a s t  c a p a c i t y  
f o r  i n f o r m a t i o n .  The in f o r m a t i o n  s t o r e d  i n  l o n g - t e r m  
memory i s  h i g h l y  o r g a n iz e d  and r e l a t i v e l y  p e rm a n e n t .
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K e e le  (1 9 7 3 )  s t a t e s  t h a t  t h i s  in - fo rm a t io n  "has been  
s i - f t e d ,  r e h e a r s e d ,  and coded and i s  now r e a d y  t o  -f ind  i t s  
p la c e  w i t h i n  a body o f  remembered e x p e r i e n c i e s ,  which i s ,  
f o r  th e  most p a r t ,  c o n s t a n t l y  b e in g  r e v i s e d  and o rg a n is e d  
as new m a t e r i a l  f l o w s  i n t o  i t "  (p . 8 3 ) .  A ls o ,  in f o r m a t io n  
in  t h e  l o n g - t e r m  memory depends on t h e  a c t i o n  o f  th e  
s h o r t - t e r m  memory f o r  u p d a t in g  and r e o r g a n i s a t i o n  ( E l l i s ,  
Goggin and F 'a r e n te ,  1 9 7 9 ) .
A n o th e r  p r o c e s s  i n  t h e  lo n g - t e r m  memory i s  
" r e t r i e v a l , "  w h ich  comes i n t o  p la c e  when a p e rs o n  a t te m p ts  
t o  remember s o m eth in g  (Gagne, 1 9 7 3 ) .  I t  i s  w hat a person  
does when asked  t o  r e c a l l  some i n f o r m a t i o n  l e a r n e d  in  t h e  
p a s t .  The p e rs o n  u ses  t h e  p ro c es s es  o f  s e a r c h in g  and 
f i n d i n g  p r e v i o u s l y  l e a r n e d  in f o r m a t io n  i n  h i s / h e r  memory.
Summary
T h e re  a r e  t h r e e  im p o r t a n t  s ta g e s  r e l a t e d  t o  le a r n in g  
and memory: s e n s o ry  r e g i s t e r ,  s h o r t - t e r m  memory, and
lo n g - t e r m  memory. The p ro c e s s e s  o f  c o d in g  and r e t r i e v a l  
p la y  an im p o r t a n t  r o l e  in  t h i s  s ys te m . The way th e  
in f o r m a t io n  i s  r e v ie w e d ,  r e h e a r s e d ,  o r g a n iz e d  and 
t r a n s fo r m e d  m ig h t  a f f e c t  th e  f u t u r e  use  o f  t h e  
i n f o r m a t i o n .  The use o f  com puter program m ing  t o  model 
m a th e m a t ic a l  c o n c e p ts  m ig h t  h e lp  in  f a c i l i t a t i n g  th e  
p ro c e s s e s  i n v o lv e d  i n  t h i s  s ys tem . I t  m ig h t  h e lp  s tu d e n ts  
t o  s e a rc h  f o r  i n f o r m a t i o n ,  exam ine  m e n ta l  im a g e s ,  and draw
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i n f e r e n c e s  -from le a r n e d  i n f o r m a t i o n  w i t h i n  t h e i r  memory 
( S y w l e s t e r ,  1 9 8 5 ) .
In  g e n e r a l ,  th e  im p o r ta n c e  o f  t h e  c o n c e p t  o f  v a r i a b l e  
in  m a th e m a t ic s  i s  s u p p o r te d  by t h e  l i t e r a t u r e  r e v ie w e d  in  
t h i s  c h a p t e r .  S e v e r a l  s t u d i e s  i n d i c a t e  t h a t  t h e  c o n c e p t  
o f  v a r i a b l e  i s  a t ro u b le s o m e  c o n c e p t  f o r  many s t u d e n t s .  
Computer program m ing p r o v id e s  a c o n c r e t e  model o f  t h e  
c o n c e p t  o f  v a r i a b l e  t h a t  m ig h t  p r o v i d e  f o r  s t u d e n t s '  
l e a r n i n g  o f  m a th e m a tic s  c o n c e p ts  and s k i l l s  and f o r  t h e  
r e t e n t i o n  o f  t h i s  l e a r n i n g .  The c u r r e n t  s tu d y  was 
d e s ig n e d  w i t h  r e s p e c t  t o  t h e  b a ck g ro u n d  i n f o r m a t i o n  
p r e s e n te d  i n  t h i s  c h a p t e r .  1
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CHAPTER 3  
Method
The p u rp o s e  o-f t h i s  s tu d y  was t o  i n v e s t i g a t e  w h e th e r  
t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  u n d e r s ta n d in g  th e  
co n ce p t o f  v a r i a b l e  and i n  a t t i t u d e s  to w a rd  m a th e m a t ic s  
among s i x t h  g ra d e  s t u d e n t s  who used LOGO g r a p h ic s  
(com puter g r o u p ) , s t u d e n t s  who used a t e x tb o o k -b a s e d  
approach  ( t e x t b o o k  g r o u p ) , and s t u d e n ts  who r e c e i v e d  no 
i n s t r u c t i o n  t o  l e a r n  t h e  co n cep t o f  v a r i a b l e  ( c o n t r o l  
g r o u p ) .  In  a d d i t i o n ,  th e  s t r e n g t h  o f  t h e  r e l a t i o n s h i p  
between s t u d e n t s '  p o s t t e s t  and r e t e n t i o n  t e s t  s c o r e s  and 
t h e i r  p r e - t r e a t m e n t  s c o re s  was a n a ly s e d .
EL§“ feC§§£ment_Desi.gn
The s tu d y  was c o n d u c ted  in  two p h a s e s ,  p r e - t r e a t m e n t  
and t r e a t m e n t .  The T e s t  o f  L o g ic a l  T h in k in g  (T O L T ) , 
R o b u stn ess  S e m a n t ic  D i f f e r e n t i a l  (R S D ), and C o m p reh en s ive  
T e s t  o f  B a s ic  S k i l l s  (CTBS) (d e s c r ib e d  in  t h e  n e x t  
s e c t io n )  w ere  a d m in is t e r e d  t o  a l l  t h e  s t u d e n t s  in c lu d e d  in  
th e  sam ple  p r i o r  t o  any work on t h e  c o m p u te rs .
Im m e d ia te ly  f o l l o w i n g  t h e  a d m in is t r a t i o n  o f  t h e s e  
in s t r u m e n t s ,  a l l  t h e  s tu d e n ts  p a r t i c i p a t e d  i n  t h e  same 
p r e - t r e a t m e n t  a c t i v i t i e s .
T a b le  1 p r e s e n t s  a summary o f  th e  p r e - t r e a t m e n t  
d e s ig n .  The code used i s  as f o l l o w s .  The l e t t e r  P r e f e r s  
t o  t h e  p ro c e s s  o f  m easurem ent. P ( l )  r e f e r s  t o  t h e  TOLT,
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P<2) r e f e r s  t o  t h e  RSD, and t h e  F'<3) r e f e r s  t o  t h e  CTBS. 
PRE-TRT r e p r e s e n t s  e x p o s u re  t o  th e  p r e - t r e a t m e n t  le s s o n s .  
The l e f t  t o  r i g h t  d im e n s io n  i n d i c a t e s  t h e  te m p o ra l  o r d e r  
o ver  t im e  o f  t h e  d i f f e r e n t  e v e n ts .
T a b le  1
Summary o f  P r e - t r e a t m e n t  D es ign
P (1 )  P (2 )  P (3 ) PRE-TRT
B®§§§L£h_Design  
The d e s ig n  o f  t h e  s tu d y  was a p o s t t e s t  o n l y ,  c o n t r o l  
group d e s ig n  w i t h  random ass ig n m en t o f  s u b j e c t s  t o  
t r e a t m e n t  c o n d i t i o n s .  I t  in c lu d e d  a c o n t r o l  g ro u p  and two  
e x p e r im e n t a l  g ro u p s ,  each g iv e n  a p o s t t e s t  and a r e t e n t i o n  
t e s t .
A f t e r  t h e  p r e - t r e a t m e n t , th e  s t u d e n t s  i n  each  
m a th e m a tic s  s e c t i o n  w ere  a s s ig n e d  ra n d o m ly  t o  one o f  th e  
e x p e r im e n t a l  o r  com puter  g ro u p s . Random a s s ig n m e n t  a t  
t h i s  p o i n t  a v o id e d  p o s s ib le  b ia s  fro m  t h e  t e a c h e r s  and 
i n v e s t i g a t o r  r e g a r d in g  s t u d e n t s '  a c t i v i t i e s  p r i o r  t o  th e  
t r e a t m e n t .  Random a ss ig n m e n t o f  s t u d e n t s  t o  s e c t i o n s  was 
no t p o s s i b l e  b e ca u s e  o f  s c h e d u l in g  p ro b le m s ;  h o w e v e r ,  
s t u d e n t s  in  each m a th e m a tic s  s e c t io n  w ere  ra n d o m ly  
a s s ig n e d  t o  one o f  t h r e e  t r e a t m e n t s :  c o m p u te r  g r o u p ,
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te x tb o o k  g ro u p ,  and t h e  c o n t r o l  g ro u p . The te x t b o o k  gro u p  
and com puter group r e c e i v e d  i n s t r u c t i o n  on t h e  c o n c e p t  o f  
v a r i a b l e ,  and t h e  c o n t r o l  g ro u p  r e c e iv e d  no i n s t r u c t i o n  on 
t h e  co n cep t o f  v a r i a b l e .
T a b le  2 p r e s e n t s  a  summary o f  t h e  e x p e r im e n t a l  d e s ig n  
o f  t h i s  s tu d y .  The code used i s  as  f o l l o w s :  X ( l )
r e p r e s e n t s  e x p o s u re  t o  co m p u te r  i n s t r u c t i o n ,  X (2 )  
r e p r e s e n t s  e x p o s u re  t o  t e x tb o o k -b a s e d  i n s t r u c t i o n ,  and CL 
r e p r e s e n t s  t h e  c o n t r o l  group  w i t h  no i n s t r u c t i o n  on t h e  
c o n c e p t  o f  v a r i a b l e .  The e f f e c t s  o f  th e s e  e x p e r im e n t a l  
v a r i a b l e s  w ere  m easured u s in g  th e  U n d e rs ta n d in g  o f  t h e  
Concept o f  V a r i a b l e  In s t r u m e n t  (U C V I) .  An 0 r e f e r s  t o  th e  
p ro c e s s  o f  m easu rem en t. 0 < 1 )  r e f e r s  t o  t h e  p o s t t e s t ,  and  
t h e  0 ( 2 )  r e f e r s  t o  t h e  r e t e n t i o n  t e s t .  The R i n d i c a t e s  
t h e  random a s s ig n m e n t  o f  s t u d e n t s  t o  th e  d i f f e r e n t  g ro u p s .  
The l e f t  t o  r i g h t  d im e n s io n  i n d i c a t e s  th e  te m p o ra l  o r d e r  
o v e r  t im e  o f  t h e  d i f f e r e n t  e v e n t s .
T a b le  2
§ummary_of _ t h e _ E x p e r i  £D§ntal._Design
R X ( l )  0 ( 1 )  0 ( 2 )
R X (2 )  0 ( 1 )  0 ( 2 )
R CL 0 ( 1 )  0 ( 2 )
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Samgtle
S ix t h  g ra d e  s t u d e n t s  w ere  s e le c t e d  as  s u b je c t s  
because th e y  h ave  n o t  y e t  been in t r o d u c e d  f o r m a l l y  t o  t h e  
co n cep t o f  v a r i a b l e  and h a ve  t h e  p r e r e q u i s i t e  m a th e m a t ic a l  
knowledge and l o g i c a l  t h i n k i n g  l e v e l  r e q u i r e d  i n  t h e  
t r e a t m e n t  a c t i v i t i e s .  Most s t u d e n t s  showed co m prehens ion  
of th e  f o l l o w i n g  p r e r e q u i s i t e s :  o p e r a t io n s  w i t h  w h o le
numbers, r e c o g n is in g  d i f f e r e n t  g e o m e tr ic  s h a p e s ,  
e s t im a t in g  m easures  o f  a n g l e s ,  and m e as u r in g  a n g le s  w i t h  a 
p r o t r a c t o r .  F o u r  s i x t h  g ra d e  m a th e m a tic s  s e c t i o n s ,  
h e te r o g e n e o u s ly  g ro u p e d ,  p a r t i c i p a t e d  i n  t h e  s t u d y .  T a b le  
3 p r e s e n ts  a summary o f  t r e a t m e n t  g ro u p s  by sch o o l and 
s e c t i o n .  T h re e  s e c t i o n s  t a u g h t  by t h e  same t e a c h e r  w ere  
fro m  G len Oaks M id d le  School (61 s t u d e n t s ) , E a s t  B aton  
Rouge P a r i s h ,  and one s e c t i o n  ta u g h t  by a n o th e r  t e a c h e r  
was from  t h e  L o u is ia n a  S t a t e  U n i v e r s i t y  (LSU) Lab School  
(28  s t u d e n t s ) .  A t o t a l  o f  89  s tu d e n ts  ( f e m a le = 4 7 ,  
m ale=42) p a r t i c i p a t e d  i n  t h e  s tu d y .  The G len  Oaks M id d le  
School s tu d e n t s  w e re  o f  a v e r a g e  and b e low  a v e ra g e  
m a th e m atic s  a b i l i t y  l e v e l  based  on t h e i r  s c a r e s  in  t h e  
C om prehensive T e s t  o f  B a s ic  S k i l l s  (CTE-fS) and f ro m  a low  
s o c io eco n o m ic  l e v e l .  About 8 0  p e r c e n t  o f  t h e  s t u d e n t s  
q u a l i f y  t o  g e t  f r e e  lu n c h  a t  t h e  s c h o o l .  The LSU Lab  
School s tu d e n t s  w ere  o f  a v e r a g e  and above a v e ra g e  
m a th e m atic s  a b i l i t y  l e v e l  based on t h e i r  s c o re s  i n  t h e  
CTBS, and fro m  a m id d le  o r  h ig h  s o c io eco n o m ic  l e v e l .
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T a b le  3
B§§£Cifitign_g±_Samei g_by_I.reat.ment
T re a tm e n t
School n Computer T e x tb o o k C o n t r o l
S le n  Oaks
S e c t io n  1 21 6 8 7
S e c t io n  2 19 4 8 7
S e c t io n  3 21 9 7 5
LSU Lab School
S e c t io n  4 28 9 8 11
T o t a l 89 28 31 30
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I t  was s u s p e c te d  t h a t  s t u d e n t s  were n o v ic e  
program m ers . S t u d ie s  o-f c o m p u te r  use in  e le m e n ta r y  
s c h o o ls  s u g g e s t t h a t  c h i l d r e n  do n o t  spend enough t im e  
d o in g  com puter p rogram m ing  t o  make them e x p e r t s .  T h i s  i s  
i n  c o n t r a s t  w i t h  t h e  lo n g  s e s s io n s  and l a r g e  amount-s o f  
t im e  e x p e r t  p rogram m ers  spend i n  com puter program m ing  
b e f o r e  th e y  become e x p e r t  p ro g ra m e rs  (K u r la n d ,  Mawby & 
C a h i r ,  1 9 8 4 ) .  A c c o rd in g  t o  K u r la n d ,  Mawbry and C a h i r  
(1 9 8 4 )  a t  l e a s t  500  h o u rs  o f  com puter acc e ss  a r e  n e c e s s a r y  
t o  became an e x p e r t  p ro g ram m er.
I n s t r u m e n t a t io n  
The s tu d y  was c o n d u c te d  i n  two p h ases , p r e - t r e a t m e n t  
and t r e a t m e n t .  The i n s t r u c t i o n a l  le s s o n s  and in s t r u m e n t s  
used in  each phase  a r e  d e s c r ib e d  b e lo w . A l l  p r e - t r e a t m e n t  
and t r e a t m e n t  le s s o n s  in c lu d e d  t h e  f o l l o w i n g  i te m s :  
le s s o n  fo c u s ,  m a t e r i a l s ,  g ro u p  s i z e ,  t im e  f o r  a c t i v i t i e s ,  
t e a c h in g  n o te s  (s u g g e s t io n s  and i n s t r u c t i o n s  f o r  t h e  
t e a c h e r  t o  f o l l o w ) ,  and h a n d o u t  a c t i v i t i e s  (s e a tw o r k  o r  
com puter w ork) f o r  t h e  s t u d e n t s .
E r e - t r e a t m e n t _ I n s t r u c t i g n a l _ L e s s o n s
In  th e  p r e - t r e a t m e n t  p h a s e ,  f i v e  f i f t y - m i n u t e  le s s o n s  
(s e e  Appendix A) w ere  used t o  te a c h  t h e  tw o  e x p e r im e n t a l  
and c o n t r o l  g ro u p s  LOGO b a s ic  p r i m i t i v e  commands w i t h o u t  
u s in g  v a r i a b l e s .  A c t i v i t i e s  f o r  th e s e  le s s o n s  w ere
T>-
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a d ap ted  from  t h e  f o l l o w i n g  books: M:indstgrms ( P a p e r t ,
1 9 8 0 ) ,  M y _ § tu d e n ts _ u s e _ c g m B u te rs  (H u n te r ,  1 984 ) , LOGO 
< 2 i§ c g y e r ie §  (M o o re , 1984b) , and G e g m e try _ g rg b l em s_f or_LQGO 
d i s c g v e r ie s  (M o o re ,  1 9 8 4 a ) .  S tu d e n ts  in  t h e  e x p e r im e n t a l  
and c o n t r o l  g ro u p s  l e a r n e d  LOGO g r a p h ic s  program m ing  
a c t i v i t i e s  b e f o r e  t h e y  l e a r n e d  about t h e  c o n c e p t  o f  
v a r i a b l e  i n  t h e  t r e a t m e n t  s e c t i o n .
The s tu d e n t s  f o l lo w e d  s p e c i f i c  e x p e r ie n c e s  i n  o r d e r  
t o  l e a r n  LOGO b a s ic  commands. These le s s o n s  w ere  t a u g h t  
by th e  i n v e s t i g a t o r .  The fo c u s  f o r  each le s s o n  was as  
f o l l o w s :
Lesson 1: To i n t r o d u c e  th e  t u r t l e  and t h e  t u r t l e
g r a p h ic s  w o r ld ,  i n t r o d u c e  LOGO p r i m i t i v e  commands 
(FORWARD, BACK, R IG H T, LEFT, PENUP, PENDOWN, 
CLEARSCREEN, SHOWTURTLE, HIDETURTLE and HOME), use  
s h o r t c u t s  t o  w r i t e  t h e s e  commands (FD , R T , BK, L T ,
PU, PD, ST, HT and C S ) , and make t h e  t u r t l e  draw  
d e s ig n s ;
Lesson 2 : To make t h e  t u r t l e  draw d e s ig n s ,  r e c o r d
t h e  commands needed t o  draw a d e s ig n ,  and s k e tc h  th e  
d e s ig n s  t h e  t u r t l e  d raw s;
Lesson 3 :  To e n t e r  a LOGO p r o c e d u re  i n t o  t h e
c o m p u te r ,  d is c o v e r  t h e  r e s u l t  o f  e x e c u t in g  t h e  
p r o c e d u r e ,  and e d i t  commands;
Lesson 4 : To m o d ify  a LOGO p ro c e d u re  t o  make a new
b u t  s i m i l a r  t a s k ,  name th e  new p r o c e d u r e ,  and d e v e lo p
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a p r o c e d u re  u s in g  t h e  LOGO p r i m i t i v e  command REPEAT; 
Lesson 5 : To d e v e lo p  p o ly g o n s  u s in g  t h e  REPEAT
command and t h e  T o t a l  T u r t l e  T r i p  Theorem .
lLest!!!31Qt_iQ§tC.y£tional._Le5sgns
The t r e a t m e n t  c o n s is t e d  o-f two d i f f e r e n t  ap p ro ac h e s ,  
com puter p rogram m ing  and te x tb o o k -b a s e d  i n s t r u c t i o n  on th e  
c o n c e p t  o f  v a r i a b l e .  The f o l l o w i n g  two s e c t i o n s  d e s c r ib e  
t h e  a c t i v i t i e s  in c lu d e d  i n  each a p p ro ac h .
Computer Program m ing L e ss o n s . The co m p u ter  
g roup  r e c e iv e d  i n s t r u c t i o n  on th e  c o n c e p t o f  v a r i a b l e  
th ro u g h  f i v e  f i f t y - m i n u t e  com puter program m ing le s s o n s  
(s e e  A ppendix  B ) . A c t i v i t i e s  f o r  th e s e  le s s o n s  were  
a d a p te d  f ro m  t h e  same com puter program m ing books used f o r  
t h e  p r e - t r e a t m e n t  i n s t r u c t i o n a l  le s s o n s .  In  th e s e  
a c t i v i t i e s ,  s t u d e n t s  w r o t e ,  r a n ,  and e d i t e d  p rogram s u s in g  
o n e ,  two o r  t h r e e  v a r i a b l e  in p u t  t o  draw g e o m e t r ic  
f i g u r e s .  The em p h as is  was on t e a c h in g  t h e  c o n c e p t  o f  
v a r i a b l e  as  i t  i s  used in  m a th e m a t ic s  th ro u g h  com puter  
p rogram m ing . The fo c u s  f o r  each le s s o n  was as  f o l l o w s :  
L esson 6A: To d e v e lo p  and debug ( e d i t )  LOGO
p r o c e d u re s  t h a t  i n v o l v e  one v a r i a b l e ;
Lesson 7A: To d e v e lo p  and debug ( e d i t )  LOGO
p r o c e d u re s  t h a t  i n v o l v e  one o r  tw o v a r i a b l e s ;
Lesson 8A: To d e v e lo p  and debug ( e d i t )  LOGO
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p ro c e d u re s  t h a t  i n v o lv e  one o r  tw o v a r i a b l e s ;
Lesson 9A: To work w i t h  LOGO p r o c e d u re s  i n v o lv i n g
r e p e t i t i o n  and tw o o r  t h r e e  v a r i a b l e s ;
Lesson 10A: To d e v e lo p  and debug ( e d i t )  LOGO
p ro c e d u re s  t h a t  i n v o l v e  one o r  tw o v a r i a b l e s ,
r e p e t i t i o n  and in c r e m e n ts .
A l l  t h e  com puter  program m ing le s s o n s  used in  
p r e - t r e a t m e n t  and t r e a t m e n t  p h ases  o-f t h i s  s t u d y  were  
a n a ly s e d  and e v a lu a t e d  by two m id d le  s c h o o l co m p u ter  
program m ing t e a c h e r s  i n  te rm s  o-f r e a d a b i l i t y ,  d i f f i c u l t y ,  
and t im e  needed t o  p e r fo r m  t h e  a c t i v i t i e s .  T h e se  te a c h e r s  
p r o v id e d  i n s i g h t f u l  comments w i t h  r e g a r d  t o  t o p i c  
s u g g e s t io n s ,  r e a d in g  l e v e l ,  and program m ing  s u g g e s t io n s .  
A d a p ta t io n s  w ere  made a c c o r d in g  t o  t h e i r  s u g g e s t io n s .
A ls o ,  th e s e  le s s o n s  w ere  f i e l d  t e s t e d  w i t h  e i g h t  s ix t h  
g ra d e  s t u d e n t s  o f  v a r y i n g  m a th e m a t ic a l  a b i l i t y  and  
b a c k g ro u n d s .  Changes w ere  made i n  te r m s  o f  r e a d a b i l i t y ,  
l e n g t h  o f t h e  a c t i v i t i e s ,  and d i f f i c u l t y  l e v e l .
T e x tb o o k -b a s e d  L e s s o n s . The t e x t b o o k  gro u p  
r e c e iv e d  i n s t r u c t i o n  on t h e  c o n c e p t  o f  v a r i a b l e  th ro u g h  
a n o th e r  s e r i e s  o f  l e s s o n s  w i t h o u t  c o m p u te r  a c t i v i t i e s .  
A n o th e r  s e r i e s  o f  f i v e  f i f t y - m i n u t e  le s s o n s  (s e e  Appendix  
C) was d e v e lo p e d  t o  t e a c h  t h e  c o n c e p t  o f  v a r i a b l e  u s in g  a 
t e x tb o o k -b a s e d  a p p ro a c h .  These  le s s o n s  w ere  a d ap ted  fro m  
6 d d is g n -W e s le y _ M a th e m a t i c s ^  I§ a c h e rs J ._ E d i  t i o n i _Bggl?_6_and
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7 (E ic h o lz  e t  a l . ,  1 9 8 7 ) .  Em phasis was p la c e d  on h e lp in g  
s tu d e n ts  u n d e rs ta n d  t h e  c o n c e p t  o f  v a r i a b l e  as  i t  i s  used  
in  m a th e m a t ic s .  The fo c u s  f o r  each le s s o n  was as f o l l o w s :  
Lesson 6B: To in t r o d u c e  t h e  co n cep t o f  v a r i a b l e  and
s o lv e  e q u a t io n s  by f i n d i n g  a number r e p la c e m e n t  f o r  
th e  v a r i a b l e  t h a t  w i l l  make th e  e q u a t io n  t r u e ;
Lesson 7B: To i n t r o d u c e  th e  co n cep t o f  v a r i a b l e  as
i t  i s  used i n  e x p r e s s io n s  and e v a lu a t e  e x p r e s s io n s  
f o r  g iv e n  r e p la c e m e n ts  o f  th e  v a r i a b l e ;
Lesson 8B: To e v a l u a t e  e x p re s s io n s  f o r  g iv e n
r e p la c e m e n ts  o f  t h e  v a r i a b l e ;
Lesson 9B: To p r o v id e  p r a c t i c e  r e g a r d in g  t h e
c o n ce p t o f  v a r i a b l e  and e v a lu a t e  e x p r e s s io n s  f o r  
g iv e n  r e p la c e m e n ts  o f  t h e  v a r i a b l e ;
Lesson 10B: To p r o v id e  p r a c t i c e  r e g a r d in g  t h e
c o n c e p t  o f  v a r i a b l e ,  and e v a lu a t e  e x p r e s s io n s  f o r  
g iv e n  r e p la c e m e n ts  o f  one and two v a r i a b l e s .
The f i v e  le s s o n s  d e s ig n e d  t o  te a c h  t h e  c o n c e p t  o f  
v a r i a b l e  w i t h o u t  u s in g  com puter programming i n s t r u c t i o n  
were a n a ly z e d  and e v a lu a t e d  by two s i x t h  g ra d e  m a th e m a t ic s  
t e a c h e r s .  These  le s s o n s  w ere  e v a lu a te d  i n  te rm s  o f  
r e a d a b i l i t y ,  d i f f i c u l t y  l e v e l ,  and t im e  needed by s i x t h  
g ra d e rs  t o  p e r fo r m  t h e  d i f f e r e n t  t a s k s .  Changes w e re  made 
a c c o rd in g  t o  t h e  t e a c h e r s '  s u g g e s t io n s .
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P r e ~ t r e a t m e n t _ In s t r u m e n t s
T h re e  in s t r u m e n t s  were used t o  g a t h e r  t h e  d a ta  
n e c e s s a ry  -from each s tu d e n t :  C om prehensive  T e s t  o f  B a s ic
S k i l l s  (C T B S ),  T e s t  o f  L o g ic a l  T h in k in g  (T O L T ) ,  and 
R o b u s tn ess  S e m a n t ic  D i f f e r e n t i a l  (R S D ). A d e s c r i p t i o n  o f  
each o f  th e s e  t h r e e  in s t r u m e n ts  f o l l o w s .
C o m p reh en s ive  T e s t  of B a s ic  S k i l l s . As a 
m easure o f  m a th e m a t ic s  a c h ie v e m e n t ,  t h e  CTBS (M a th e m a t ic s  
S e c t i o n ,  Form V) was a d m in is te r e d  t o  a l l  s t u d e n t s .  The 
CTBS i s  a s t a n d a r d is e d  a ch ievem en t t e s t  w h ich  a ss e ss e s  
s t u d e n t s '  m a th e m a t ic s  ach ievem en t i n  c o m p u ta t io n ,  
c o n c e p ts ,  and a p p l i c a t i o n s ,  and i s  known t o  p r e d i c t  
m a th e m a t ic s  a c h ie v e m e n t  a c c u r a t e ly  and r e l i a b l y .  
M a th e m a t ic s  a c h ie v e m e n t  i s  d e f in e d  as  t h e  sum o f  t h e  
p o i n t s  e a rn e d  on t h i s  in s t r u m e n t .  The c o n t e n t  o f  t h e  t e s t  
was exam ined  c a r e f u l l y  and compared w i t h  o t h e r  m a th e m a tic s  
a c h ie v e m e n t  t e s t s  t o  d e te rm in e  w h e th e r  o r  n o t  i t  was 
a p p r o p r i a t e  f o r  t h e  purpose  o f  t h e  s t u d y .  The t e s t  was 
d e te rm in e d  as  v a l i d  f o r  th e  o b j e c t i v e  o f  t h e  s tu d y .
The d e v e lo p e r s  s t a t e  t h a t  s e v e r a l  p ro c e d u re s  w ere  
used t o  a s s u r e  t h a t  t h e  b a s ic  s k i l l s  s e l e c t e d  f o r  
m easurem ent w ere  a p p r o p r i a t e  f o r  t h e  d e s ig n a te d  g ra d e  
l e v e l  and f o r  s t u d e n t s  th ro u g h o u t  t h e  n a t i o n  ( C a l i f o r n i a  
T e s t  B u re a u ,  1 9 8 2 ) .  The t e s t  i te m s  w ere  w r i t t e n  by  
c la s s ro o o m  t e a c h e r s  o f  th e  g ra d e  f o r  w h ich  t h e  t e s t  was
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d e s ig n a te d  i n  c o o p e r a t io n  w i t h  c u r r ic u lu m  and t e s t i n g  
s p e c i a l i s t s .  The t e s t  was e d i t e d  by t r a i n e d  i t e m  w r i t e r s  
u s in g  e s t a b l i s h e d  r u l e s  •for t h e  w r i t i n g  of i t e m s .  The  
s p l i t - h a l f  r e l i a b i l i t y  e s t im a t e  (K u d e r -R ic h a rd s o n  F o rm u la  
2 0 )  used f o r  t e s t i n g  t h e  i n t e r n a l  c o n s is t e n c y  o f  th-e t e s t  
was . 8 6  ( C a l i f o r n i a  T e s t  B u re a u ,  1 9 8 2 ) .
T e s t  o f  L o g ic a l  T h i n k i n g . The c o g n i t i v e  
d e ve lo p m e n t o f  s t u d e n t s  i s  one o f  t h e  f a c t o r s  t h a t  i s  
c o n s id e re d  t o  a c c o u n t  f o r  v a r i a t i o n  among s t u d e n t s '  
l e a r n i n g .  The TDL.T ( fo rm  A) , d e v e lo p e d  by T o b in  and C a p ie  
(1 9 8 0 )  and used t o  a s s e s s  s t u d e n t s '  c o g n i t i v e  l e v e l ,  i s  a 
p a p er  and p e n c i l  t e s t  in  which  s t u d e n t s  a r e  asked  t o  s o lv e  
word p ro b le m s  and j u s t i f y  t h e i r  r e s u l t s  (s e e  A ppend ix  D ) .
I t  was s e l e c t e d  b e ca u s e  o f  i t s  v a l i d i t y ,  r e l i a b i l i t y  and 
easy  a d m i n i s t r a t i o n  i n  a g roup  s e t t i n g .  C o e f f i c i e n t  A lp h a  
f o r  TOLT based on th e  t o t a l  sam ple  o f  682  s t u d e n t s  was .8 5  
(T o b in  8< C a p ie ,  1 9 8 0 ) .  I te m  d i f f i c u l t y  ra n g e d  fro m  . 1 8  t o  
.4 1  w i t h  an a v e r a g e  o f  . 3 5 .  F iv e  modes o f  r e a s o n in g  w ere  
in c lu d e d :  p r o p o r t i o n a l  r e a s o n in g  ( i t e m s  1 and 2 ) ,
c o n t r o l l i n g  v a r i a b l e s  ( i t e m s  3 and 4 ) ,  p r o b a b i l i s t i c  
r e a s o n in g  ( i t e m s  5  and 6 ) ,  c o r r e l a t i o n  r e a s o n in g  ( i t e m s  7 
and 8 ) ,  and c o m b i n a t o r ia l  r e a s o n in g  ( i t e m s  9 and 1 0 ) .
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Robustness  S e m a n tic  D i f  f e r e n t i a l . The  
s t u d e n t s '  a f f e c t i v e  l e v e l  i s  one o f t h e  f a c t o r s  c o n s id e re d  
t o  a cc o u n t f o r  v a r i a t i o n  among s t u d e n t s '  l e a r n i n g  (B loom ,  
1 9 7 6 ) .  The RSD, w hich  i s  a v a l i d ,  r e l i a b l e ,  and e asy  t o  
a d m in is t e r  s c a l e ,  was used t o  assess  s t u d e n t s '  a t t i t u d e s  
to w a rd  m a th e m a t ic s .  The t a r g e t  o b j e c t s  in c lu d e d  i n  t h e  
s c a le  were s e le c t e d  a c c o r d in g  t o  t h e  i n s t r u c t i o n a l  
e le m e n ts  in v o lv e d  in  t h e  s tu d y .  S tu d e n ts  w ere  asked t o  
respond t o  t h i s  s c a l e  w hich  was s t r u c t u r e d  as  a s e m a n t ic  
d i f f e r e n t i a l  and in c lu d e d  s ix  s u b s c a le s  o r  t a r g e t  o b je c t s :  
RSD1 (m a th e m a t ic s  t e a c h e r ) ,  RSD2 ( c o m p u te r ) ,  RSD3 
(m a th e m a t ic s  a c t i v i t i e s ) , RSD4 (m a th e m a t ic s  l e a r n i n g  
a c t i v i t i e s  w i t h  t h e  c o m p u t e r ) , RSD5 ( i n t e r a c t i o n  w i t h  th e  
m a th e m a tic s  t e a c h e r ) , and RSD6 ( i n t e r a c t i o n  w i t h  t h e  
c o m p u te r ) .  A f i v e - p o i n t  s c a le  w i th  10 p a i r s  o f  b i p o l a r  
a d j e c t i v e s  a s s e s s in g  e v a l u a t i v e ,  a c t i v i t y ,  and p o te n c y  
d im en s io n s  o f  each t a r g e t  o b j e c t  w ere  used (s e e  Appendix  
E ) . S tu d e n t  s c o re s  can ra n g e  from  10 t o  50  f o r  a 
p a r t i c u l a r  s u b s c a le  o r  t a r g e t  o b j e c t .
L i c a t a  and W i1 lo w e r  (1 9 7 5 ,  1978) d e v e lo p e d  t h e  
c o n s t r u c t  o f  e n v i r o n m e n ta l  ro b u s tn e s s  as a s c h o o l c l i m a t e  
v a r i a b l e  based on t h e  work o f  Goffman (1 9 5 9 ,  1 9 6 1 ,  1 96 3 ,  
1 9 6 7 ) .  The id e a  o f  e n v i r o n m e n ta l  r o b u s tn e s s  i s  r e l i e s  on 
t h e  n o t io n  t h a t  s o c i a l  s i t u a t i o n s  can be u n d e rs to o d  u s in g  
t h e a t r i c a l  a n a lo g ie s  w hich  i d e n t i f y  a c t o r s ,  p l o t ,  s e t t i n g  
and a u d ie n c e  ( L i c a t a  and W i ld e s ,  1 9 8 0 ) .  I t  i s  u n d e rs to o d
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as a t h e o r e t i c a l  c o n s t r u c t  i n  te rm s  o-f th e s e  t h e a t r i c a l  
a n a lo g ie s  and d e -f in e d  as t h e  p e r c e iv e d  " d r a m a t ic "  c o n t e n t  
o f t h e  s c h o o l s t r u c t u r e  f o r  p a r t i c u l a r  a u d ie n c e s  such as  
t e a c h e r s ,  s t u d e n t s ,  p a r e n t s  o r  a d m i n i s t r a t o r s  ( W i l lo w e r  
and L i c a t a ,  1 9 7 5 ) .  U s in g  a f a c t o r  a n a l y s i s  o f  t h e  te rm  
" d ra m a ,"  L i c a t a  and W i l lo w e r  (1 9 78 )  i d e n t i f i e d  t e n  
a d j e c t i v e  p a i r s  w h ic h  c o n t r i b u t e  t o  t h e  m eaning o f  t h e  
te rm  " d r a m a ." The a d j e c t i v e  p a i r s  w ere  used in  o r d e r  t o  
d e v e lo p  an o p e r a t i o n a l  d e f i n i t i o n  o f  t h e  p e r c e p t i o n  o f  
drama o r  e n v i r o n m e n t a l  ro b u s tn e s s  i n  s ch o o lss  
i n t e r e s t i n g - b o r i n g , c h a l l e n g i n g - d u l l ,  a c t i v e - p a s s i v e ,  
u n u s u a l - u s u a l , p o w e r f u l - w e a k ,  t h r i l l i n g - q u i e t i n g ,  
i m p o r t a n t - u n i m p o r t a n t , f r e s h - s t a l e ,
m e a n in g f u l - m e a n in g le s s ,  and a c t io n - p a c k e d - u n e v e n t f u l  
( L i c a t a  and W i l l o w e r ,  1 9 7 8 ) .  A d j e c t i v e s  w h ich  c o n n o te  
ro b u s tn e s s  a r e  i n t e r e s t i n g ,  c h a l l e n g i n g ,  a c t i v e ,  u n u s u a l ,  
p o w e r f u l ,  t h r i l l i n g ,  i m p o r t a n t ,  f r e s h ,  m e a n in g f u l ,  and 
a c t io n - p a c k e d .  A d j e c t i v e s  w hich  c o n n o te  r e l a t i v e  l a c k  o f  
r o b u s tn e s s  a r e  b o r i n g ,  d u l l ,  p a s s iv e ,  u s u a l ,  w eak ,  
q u i e t i n g ,  u n i m p o r t a n t ,  s t a l e ,  m e a n in g le s s ,  and u n e v e n t f u l .
T hese  a d j e c t i v e s  p a i r s  w ere  o p e r a t i o n a l i s e d  w i t h  
seven p o i n t  s e m a n t ic  d i f f e r e n t i a l  s c a le s  (O sgood , e t  a l . ,  
1 9 5 7 ) .  The s t u d e n t ' s  re s p o n s e  t o  a p a r t i c u l a r  s ch o o l  
c o n c e p t  i s  m easured  i n  te r m s  o f  r a t i n g  o f  t h e s e  10 
a d j e c t i v e s .  The h i g h e r  t h e  s c o r e ,  t h e  more r o b u s t  t h e  
t a r g e t  o b j e c t .  The  t e s t - r e t e s t  c o e f f i c i e n t s  f o r  t h e  t o t a l
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in s t r u m e n t  w ere  . 7 7  (P e a rs o n )  and .7 8  (Spearm an) ( L i c a t a  
and W i l lo w e r ,  1 9 7 8 ) .  P e d i c t i v e  v a l i d i t y  was d e m o n s tra te d  
f o r  each o f  t h e  t e n  i te m s  based  on t h e i r  a b i l i t y  t o  
d i s c r i m i n a t e  s i g n i f i c a n t l y  be tw een  t h e  te rm s  " d r a m a t ic "  
and "no t d r a m a t ic "  ( L i c a t a  and W i l lo w e r ,  1 9 7 8 ) .
U sing a sam p le  o f  5 9 2  e le m e n t a r y ,  m id d le  and h ig h  
schoo l t e a c h e r s ,  M o r r i s  (1 9 8 6 )  found  Cronbach a lp h a  
r e l i a b i l i t y  c o e f f i c i e n t s  r a n g in g  fro m  .8 4  t o  . 9 2  f o r  a s ix  
RSD t a r g e t  o b j e c t s .  The i n v e s t i g a t o r  fo u n d  P earso n  
r  c o r r e l a t i o n  c o e f f i c i e n t s  r a n g in g  fro m  . 4 4  t o  . 7 7  
between m id d le - s c h o o l  t e a c h e r s '  p e r c e p t io n s  o f  s t u d e n t  
ro b u s tn e s s  and s t u d e n t  a c h ie v e m e n t .
E'9 § t - t r e a t m e n t _ I n s t r u m e n t
The U n d e r s ta n d in g  o f  t h e  Concept o f  V a r i a b l e  
In s t r u m e n t  (U C VI) d e v e lo p e d  by t h e  i n v e s t i g a t o r  was used  
as a p o s t t e s t  and r e t e n t i o n  t e s t  (see  A p p en d ix  F ) . T h is  
3 2 - i t e m  in s t r u m e n t  was based  on a p r o t o c o l  d e v e lo p e d  by  
C o l l  i s  (1 9 7 5 )  t o  a s s e s s  s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  
co n cep t o f  v a r i a b l e  f ro m  w h ich  i te m s  1 5 ,  2 3 ,  2 5 ,  27 and 29 
w ere t a k e n .  The UCVI r e q u i r e s  t h a t  s t u d e n t s  t h i n k  a b o u t  
v a r i a b l e s  as  r e p r e s e n t i n g  a ra n g e  o f  v a lu e s , -  i n  a d d i t i o n  
t o  d e s c r ib in g  t h e  d e g r e e  t o  w hich  changes i n  one s e t  
r e l a t e s  t o  ch an g es  i n  a n o t h e r .  A ls o ,  t h i s  t e s t  r e q u i r e s  
s tu d e n ts  t o  e v a l u a t e  e x p r e s s io n s  by s u b s t i t u t i n g  v a lu e s  
f o r  th e  v a r i a b l e s .  The f o r m a t  o f  t h i s  t e s t  r e q u i r e s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
108
s t u d e n t s  t o  d e c id e  w h e th e r  m a th e m a t ic a l  s t a t e m e n t s  a r e  
t r u e  a lw a y s ,  som etim es  o r  n e v e r ,  and e x p l a i n ,  i f  t h e i r  
answer i s  " s o m e t im e s ,"  when t h e  m a th e m a t ic a l  s t a t e m e n t  i s  
t r u e .  The in s t r u m e n t  was d ic h o to m o u s ly  s c o r e d .  When t h e  
answ er i s  s o m e t im e s ,  t h e  s tu d e n t  s h o u ld  a l s o  p r o v id e  th e  
c o r r e c t  e x p l a n a i t i o n  t o  r e c e i v e  one p o i n t .
C o l l  i s  fo u n d  t h a t  s tu d e n ts  r a n g in g  i n  age fro m  1 0 -1 5  
y e a r s  have  no d i f f i c u l t y  in  u n d e r s ta n d in g  t h e  m eaning o f  
t h e  q u e s t io n s  o r  sym bols  p r e s e n te d  i n  t h e  t e s t ,  and t h a t  
th e y  a c c e p t  t h a t  a l e t t e r  may be used t o  s ta n d  f o r  a 
number. B e l l  e t  a l . (1 9 8 3 )  s t a t e ,  " I t  i s  n o t  n e c e s s a r y  t o
have been t a u g h t  a lg e b r a  i n  a fo r m a l  s e n s e  t o  be a b l e  t o  
i n t e r p r e t  q u e s t io n s  such as t h e  one in c lu d e d  i n  t h i s  t e s t "  
(p . 1 3 9 ) .
I te m s  1 3 ,  1 4 ,  1 7 ,  IB ,  19 , 2 0 ,  2 5 ,  2 6 ,  29  and 30  
r e q u i r e  s t u d e n t s  t o  assume t h a t  C and D th o u g h  b e in g  
d i f f e r e n t  l e t t e r s ,  can r e p r e s e n t  t h e  same num ber. These  
i te m s  demand t h e  use  o f  t h e  id e a  o f  b o th  C and D r u n n in g  
th ro u g h  t h e  w h o le  s e t  o f  p o s s i b l e  numbers and a ls o  t h e  
w i l l i n g n e s s  t o  t o l e r a t e  t h e  am biguous answ er "som etim es"  
( B e l l  e t  a l . ,  1 9 8 3 ) .  I te m s  9 ,  1 0 ,  23  and 24  a r e  
c o n s id e r e d  o f  g r e a t e r  d i f f i c u l t y .  In  t h e s e  i t e m s  t h e  
pro b lem  i s  rem em bering  z e r o  as  a p o s s i b l e  v a l u e  f o r  C.
Z e ro  i s  r e g a r d e d  as  a s p e c ia l  number and o f t e n  f o r g o t t e n  
in  such c a s e s  ( B e l l  e t  a l . ,  1 9 8 3 ) .
The U n d e r s ta n d in g  o f  th e  C oncept o f  V a r i a b l e
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In s t r u m e n t  was - f i e l d  t e s t e d  and r e v i s e d .  The f i e l d  t e s t  
group in c lu d e d  26  s i x t h  g ra d e  s tu d e n ts  o f  a v e r a g e  and 
above a v e ra g e  m a th e m a t ic a l  a b i l i t y  (based  on t h e i r  
C a l i f o r n i a  A c h ie v e m e n t T e s t  s c o r e s ) .  A ls o ,  t h e  t e s t  was 
r e v i s e d  and e v a l u a t e d  by two s i x t h  g ra d e  m a th e m a t ic s  
t e a c h e r s .  An i te m  a n a l y s i s  u s in g  t h e  i te m  r e l i a b i l i t y  
in d e x  p r o v id e d  t h e  f o l l o w i n g  s t a t i s t i c s .  The mean o f  th e  
t e s t  s c o re s  was 1 9 .1  and t h e  s ta n d a rd  d e v i a t i o n  was 5 . 1 9 .  
The i te m  d i f f i c u l t y  l e v e l  ran g ed  fro m  .3 2  t o  1 .0 0 .  The  
i te m  d i f f i c u l t y  mean o f  t h e  t e s t  s c o r e s  based on a l l  i te m s  
was . 6 3 ,  t h e  s ta n d a r d  d e v i a t i o n  was . 6 8 ,  and t h e  
r e l i a b i l i t y  in d e x  (A lp h a )  was .8 3 .  Most i t e m  
d i s c r i m i n a t i o n  i n d i c e s  ran g ed  from  . 5  t o  1 . 0 .  The 
i n t e r n a l  c o n s is t e n c y  o f  t h e  t e s t  was found  t o  be h ig h .  
S p l i t - h a l f  r e l i a b i l i t y  e s t im a t e  was used f o r  t h i s  p u rp o s e .  
Odd and even num bers w ere  c o r r e l a t e d .  The i n t e r n a l  
c o n s is t e n c y  in d e x  was (A lp h a )  .9 3  and t h e  r e l i a b i l i t y  o f  
t h e  e n t i r e  t e s t  was . 9 6 .
A d d i t i o n a l  e v id e n c e  f o r  th e  c o n c u r r e n t  v a l i d i t y  o f  
t h e  t e s t  was p r o v id e d  by c o r r e l a t i n g  t h e  t e a c h e r ' s  
p r e d ic t e d  s c o r e s  f o r  each s tu d e n t  w i t h  t h e  s t u d e n t s '  
a c t u a l  s c o r e s  i n  t h e  t e s t .  The c o r r e l a t i o n  c o f f i c i e n t  f o r  
th e  p r e d i c t e d  s c o r e s  and t h e  a c t u a l  s c o re s  was . 7 3 .
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P ro c e d u r§ s
T h is  s e c t i o n  p r e s e n t s  t h e  p ro c e d u re s  used in  
p r e - t r e a t m e n t  and t r e a t m e n t  p hases  o f  t h e  s t u d y .
P e r t i n e n t  d e t a i l s  and - f u r t h e r  in f o r m a t io n  can be found  in  
th e  f o l l o w i n g  d is c u s s io n .
E 'C § r tr§ a tm e n t
A f t e r  t h e s e  in s t r u m e n t s  w ere  a d m in is t e r e d ,  a l l  
s tu d e n ts  i n  t h e  sam ple  w ere  ta u g h t  t h e  p r e - t r e a t m e n t  
le s s o n s .  For t h i s  p u rp o s e  t h e y  worked th ro u g h  f i v e  
f i f t y - m i n u t e  le s s o n s  (one  p e r  d a y ) .  These  le s s o n s  w ere  
ta u g h t  by t h e  i n v e s t i g a t o r .  A t th e  end o f  t h e  
p r e - t r e a t m e n t , t h e  s t u d e n t s  i n  each m a th e m a t ic s  s e c t io n  
w ere a s s ig n e d  ra n d o m ly  t o  one o f  t h e  e x p e r im e n t a l  o r  t h e  
c o n t r o l  g ro u p s .
T re a tm e n t
Im m e d ia te ly  f o l l o w i n g  p r e - t r e a t m e n t  and random  
a ss ig n m e n t o f  s t u d e n t s  t o  g ro u p s ,  t r e a t m e n t  s t a r t e d ,  
c o n s i s t i n g  o f  f i v e  f i f t y - m i n u t e  le s s o n s  on f i v e  days  
i n v o lv i n g  t h e  c o n c e p t  o f  v a r i a b l e .  Each s t u d e n t  worked as  
in d e p e n d e n t ly  a s  p o s s i b l e  i n  o rd e r  t o  c o n t r o l  f o r  t e a c h e r  
e f f e c t  on s t u d e n t s '  p e r fo r m a n c e .  The a c t i v i t i e s  p r o v id e d  
c l e a r  and d e t a i l e d  i n s t r u c t i o n s  t o  a l l o w  f o r  s t u d e n t s '  
in d e p e n d e n t  w o rk .
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The s t u d e n t s  in  t h e  com puter group w ere  t a u g h t  t h e  
co n cep t o f  v a r i a b l e  th ro u g h  f i v e  - f i f t y - m i n u t e  le s s o n s  
u s in g  LOBO g r a p h i c s  co m p u ter  program m ing. S tu d e n t s  worked  
in d e p e n d e n t ly  u s in g  t h e  com puters  b u t  w ere  a l lo w e d  t o  
s h a re  id e a s  w i t h  each o t h e r .  In  t h i s  c as e  th e  
i n v e s t i g a t o r  t r i e d  t o  make c e r t a i n  each s t u d e n t  u n d e rs to o d  
any id e a  h e /s h e  b o rro w e d  fro m  a n o th e r  s t u d e n t .  The  
i n v e s t i g a t o r  s u p e r v is e d  s t u d e n t s '  l e a r n i n g  th r o u g h  
d i f f e r e n t  progamming a c t i v i t i e s .
The s t u d e n t s  i n  t h e  te x tb o o k  group w ere  t a u g h t  t h e  
c o n ce p t o f  v a r i a b l e  th ro u g h  f i v e  f i f t y - m i n u t e  le s s o n s  
i n v o lv i n g  a t e x t b o o k - b a s e d  approach and no c o m p u te r  
a c t i v i t i e s .  T h ese  le s s o n s  were ta u g h t  by t h e  r e g u l a r
c la s s ro m  t e a c h e r .  The s tu d e n ts  worked as  in d e p e n d e n t ly  as
p o s s ib le  th r o u g h  paper— a n d -p e n c i l  a c t i v i t i e s .  T e a c h e r  
i n s t r u c t i o n  was k e p t  t o  a minimum. The c o n t r o l  g roup  
r e c e iv e d  no i n s t r u c t i o n  on th e  co n cep t o f  v a r i a b l e  d u r in g
th e  e x p e r im e n t  b u t  w ere  in v o lv e d  in  o th e r
m a t h e m a t i c s - r e l a t e d  a c t i v i t i e s  a s s ig n e d  by t h e  r e g u l a r  
c la s sro o m  t e a c h e r  d u r in g  t h e  f i v e  f i f t y - m i n u t e  t r e a t m e n t  
t im e  p e r io d s .
A t t h e  end o f  t r e a t m e n t ,  th e  UCVI and t h e  RSD w ere  
a d m in is t e r e d  t o  a l l  t h e  s tu d e n ts  in  o r d e r  t o  a s s e s s  t h e i r  
u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e ,  and a t t i t u d e s  
to w a rd  m a th e m a t ic s  and com puter program m ing . A f t e r  t h r e e  
weeks t h e  UCVI was r e a d m in is t e r e d  t o  a s s e s s  s t u d e n t s '
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CHAPTER 4 
R e s u l t s
The p u rp o s e  o f  t h i s  s tu d y  was t o  i n v e s t i g a t e  w h e th e r  
t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  u n d e r s t a n d in g  t h e  
c o n c e p t o f  v a r i a b l e  and i n  a t t i t u d e s  to w ard  m a th e m a t ic s  
among s i x t h  g ra d e  s t u d e n t s  who used a com puter program m ing  
a p p ro a c h ,  s t u d e n t s  who used a te x tb o o k -b a s e d  a p p ro a c h ,  and 
s t u d e n ts  who r e c e i v e d  no i n s t r u c t i o n .  In  a d d i t i o n ,  t h e  
s t r e n g t h  o f  t h e  r e l a t i o n s h i p  betw een s t u d e n t s '  p o s t t e s t  
and r e t e n t i o n  t e s t  s c o r e s  and t h e i r  p r e - t r e a t m e n t  was a ls o  
s t u d ie d .
P r e - t r e a t m e n t  s c o r e s  w ere  a n a ly z e d  p r i o r  t o  a s s e s s in g  
p o s t t e s t  t r e a t m e n t  e f f e c t s .  The r e s u l t s  o f  an a n a l y s i s  o f  
v a r ia n c e  i n d i c a t e d  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  
t r e a t m e n t  g ro u p s  (c o m p u te r ,  te x tb o o k  and c o n t r o l )  on th e  
p r e - t r e a t m e n t  m easures  o f  m a th e m a t ic s  a c h ie v e m e n t ,  l o g i c a l  
t h i n k i n g ,  and a t t i t u d e s  to w a rd  m a th e m a t ic s  (s e e  A ppendix  
G ) . The t r e a t m e n t  g ro u p s  a p p ea re d  t o  be e q u i v a l e n t  i n  
te rm s  o f  th e s e  f a c t o r s  a t  t h e  b e g in n in g  o f  t h e  e x p e r im e n t .  
T re a tm e n t  g ro u p  means and s ta n d a r d  d e v i a t i o n s  f o r  each  
p r e - t r e a t m e n t  m easure  (CTBS, TOLT and RSD c o n c e p ts )  a r e  
g iv e n  in  T a b le  4 .
The r e s u l t s  o f  t h e  t e s t s  o f  h y p o th e s e s  a r e  p r e s e n te d  
in  f i v e  s e c t i o n s .  The f i r s t  s e c t io n  p r e s e n t s  t h e  r e s u l t s  
o f t h e  t e s t s  o f  h y p o th e s e s  r e l a t e d  t o  t r e a t m e n t  e f f e c t s  on 
s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  co n ce p t o f  v a r i a b l e  a t  t h e
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Table 4
MgIQ§_§Dd_St and a r d _ D e y i a t i  o n s _ fo r _ P r  e - t r e a t  men t_ .M easures  
b y _ Ire a tm e n t_ G rg u E
In s t r u m e n t
T re a tm e n t n TOLT CTBS RSD1 RSD2 RSD3 RSD4 RSD5 RSD6
Computer 28
M 0 . 7 2 2 . 7 2 7 . 8 4 3 .6 2 9 . 2 4 0 . 9 2 9 .  1 4 2 .8
§9
Textbook 31
1 .3 8 .  5 7 . 6 5 . 6 8 . 0 7 . 8 1 1 .1 6 . 0
M 0 . 8 2 1 . 8 2 6 . 7 4 3 .6 2 8 . 3 4 0 . 9 2 8 . 5 4 1 .8
§D
C o n t ro l 30
1 .2 7 . 9 1 0 .4 6 . 7 1 1 .7 9 . 4 1 1 .2 9 . 3
M 0 . 9 2 4 . 2 2 9 . 3 4 1 .0 2 9 . 3 4 0 . 2 3 1 . 4 4 2 .4
1 .0 9 . 5 7 .  1 6 . 5 7 .  1 8 . 6 7 . 5 6 . 9
N o t e . TOLT = T e s t  o f  L o g ic a l  T h in k in g ;  CTBS = 
Com prehensive  T e s t  o f  B a s ic  S k i l l s ;  RSD1 =  m a th e m a t ic s ;  
RSD2 = c o m p u te r ;  R5D3 = m a th e m a t ic s  a c t i v i t i e s ;  RSD4 = 
m a th e m a tic s  a c t i v i t i e s  w i t h  th e  co m p u te r;  RSD5 = 
i n t e r a c t i o n  w i t h  t h e  t e a c h e r ;  RSD6 = i n t e r a c t i o n  w i t h  th e  
c o m p u te r .
sr~
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end o f  t h e  s t u d y .  The second s e c t io n  p r e s e n t s  t h e  r e s u l t s  
o f  t h e  t e s t s  o f  t h e  h y p o th e s e s  r e l a t e d  t o  t r e a t m e n t  
e f f e c t s  on s t u d e n t s '  u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  
v a r i a b l e  t h r e e  weeks a f t e r  t r e a t m e n t .  The t h i r d  s e c t io n  
p r e s e n t s  t h e  r e s u l t s  o f  t h e  t e s t  o f  t h e  h y p o t h e s is  r e l a t e d  
t o  t r e a t m e n t  e f f e c t s  on s t u d e n t s '  a t t i t u d e s  to w a rd  
m a th e m a tic s  a t  t h e  end o f  t h e  t r e a t m e n t .  In  t h e  f o u r t h  
s e c t i o n ,  r e s u l t s  r e l a t e d  t o  th e  r e l a t i o n s h i p  betw een  
s t u d e n t s '  p o s t t e s t  s c o r e s  and t h e i r  p r e - t r e a t m e n t  s c o re s  
a r e  p r e s e n t e d .  The f i n a l  s e c t io n  p r e s e n t s  r e s u l t s  r e l a t e d  
t o  t h e  s u p p le m e n ta l  a n a ly s e s .  The d a t a  w ere  a n a ly s e d  
u s in g  S t a t i s t i c a l  A n a ly s is  System <SAS I n s t i t u t e ,  I n c . ,  
1985) p r o c e d u r e s .  The r e s u l t s  p r o v id e d  by t h e  SAS GLM and 
DUNCAN'S p r o c e d u r e s  w hich  w ere  used f o r  t e s t i n g  each  
h y p o t h e s is  a r e  p r e s e n te d  in  A ppendix  G.
IC . l§ t !D § D t_ E f f § £ t s _ o n  _Students^_L)n  d e r s t  and i.ng_of 
t b g - E o n c e g t ^ g f .V a r ia b le  
Means and s t a n d a r d  d e v i a t i o n s  f o r  s t u d e n t s '  p o s t t e s t  
s c o r e s  by t r e a t m e n t  g roup  a r e  shown i n  T a b le  5 .  T h is  
s e c t i o n  p r e s e n t s  t h e  r e s u l t s  o f  t h e  t e s t s  o f  h y p o th e s e s  
r e l a t e d  t o  t r e a t m e n t  e f f e c t s  on s t u d e n t s '  u n d e r s ta n d in g  o f  
t h e  c o n c e p t  o f  v a r i a b l e  a t  t h e  end o f  t h e  t r e a t m e n t .
B e fo r e  t h e  h y p o th e s e s  w ere  t e s t e d ,  an a n a l y s i s  o f  v a r ia n c e  
was computed t o  a s s e s s  t r e a t m e n t  e f f e c t .  The in d e p e n d e n t
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T a b le  5
M e a n _ P o s t - t r e a t  men t_ S c o r e s _ b y _ T r  e a t  ment_GrouQi
T re a tm e n t n P o s t t e s t
M easure
F<eten tion  t e s t
Computer 28
M 9 . 4 6 1 1 .4 6
SD 4 . 3 2 5 .7 9
T extb o o k 31
d 7 . 5 5 6 .7 7
SD 4 . 3 0 4 . 5 0
C o n t ro l 30
M 6 . 0 0 6 . 5 7
SD 4 . 6 9 4 . 6 7
N o te .  U n d e r s ta n d in g  o f  t h e  Concept o f  V a r i a b l e  
In s t r u m e n t  was a d m in is t e r e d  as p o s t t e s t  and r e t e n t i o n  t e s t  
( t h r e e  weeks a f t e r  t r e a t m e n t ) .
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v a r i a b l e  was t r e a t m e n t ,  and th e  d ep en d en t v a r i a b l e  was th e  
p o s t - t r e a t m e n t  s c o r e  on t h e  UCVI. T h e re  was a s i g n i f i c a n t  
main e f f e c t  f o r  t r e a t m e n t ,  F ( 2 ,  8 6 )  = 4 . 3 9 ,  p < .0 1 5 1 .
H y p o th e s is  I s S tu d e n ts  r e c e i v i n g  program m ing  
i n s t r u c t i o n  w i l l  n o t  d e m o n s tra te  g r e a t e r  u n d e r s t a n d in g  of  
th e  c o n ce p t o f  v a r i a b l e  on t h e  p o s t t e s t  th a n  s t u d e n t s  
r e c e i v i n g  te x t b o o k - b a s e d  i n s t r u c t i o n .
T h is  h y p o t h e s is  was t e s t e d  by an o r th o g o n a l  c o n t r a s t ,  
com puter g roup  v e r s u s  te x tb o o k  g ro u p . D u n c a n 's  
m u l t i p i  e - r a n g e  t e s t  was employed w i t h  t h e  d e s ig n a te d  
o r th o g o n a l  c o n t r a s t ,  com puter g roup  v e rs u s  t e x t b o o k  group  
in c lu d e d  in  t h e  m o d e l.  The d e pen dent v a r i a b l e  was th e  
p o s t - t r e a t m e n t  s c o r e  on t h e  UCVI a t  th e  end o f  t r e a t m e n t .  
The d i f f e r e n c e  fo u n d  was n o n s i g n i f i c a n t  w i t h  p > . 1 0 .  
A lth o u g h  t h e  mean s c o r e  on t h e  UCVI f o r  t h e  s t u d e n t s  
r e c e i v i n g  co m p u ter  program m ing i n s t r u c t i o n  was g r e a t e r  
th a n  t h e  mean s c o r e  f o r  t h e  s tu d e n ts  r e c e i v i n g  
te x tb o o k -b a s e d  i n s t r u c t i o n ,  t h e  n u l l  h y p o t h e s is  was no t  
r e j e c t e d  and t h e  p r e d i c t i v e  h y p o th e s is  was n o t  c o n f i r m e d .
ET'-
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H y p o th e s is  2 : S tu d e n ts  r e c e i v i n g  programming
i n s t r u c t i o n  w i l l  n o t  d e m o n s t ra te  g r e a t e r  u n d e r s t a n d in g  o f  
th e  c o n c e p t  o f  v a r i a b l e  on t h e  p o s t t e s t  th a n  s t u d e n t s  
r e c e i v i n g  no i n s t r u c t i o n  on t h e  concept o f  v a r i a b l e  
( c o n t r o l  g ro u p  s t u d e n t s ) .
T h is  h y p o t h e s is  was t e s t e d  by an o r th o g o n a l  
c o m p a r is o n , c o m p u te r  group v e rs u s  c o n t r o l  g ro u p .  D u n c a n 's  
m u l t i p l e - r a n g e  t e s t  was em ployed w ith  t h e  d e s ig n a te d  
o r th o g o n a l  c o n t r a s t ,  com puter group v e rs u s  c o n t r o l  g roup  
in c lu d e d  in  t h e  m odel.  The dependent v a r i a b l e  was 
p o s t - t r e a t m e n t  s c o r e  on t h e  LJCV1 a t  t h e  end o f  t r e a t m e n t .  
T h e re  was a s i g n i f i c a n t  main e f f e c t  f o r  t h e  c o n t r a s t  w i th  
g < . 0 1 .  The h y p o t h e s is  was r e je c t e d  and t h e  p r e d i c t i v e  
h y p o t h e s is  was c o n f i r m e d .  The mean s c o re  on t h e  UCVI was 
s i g n i f i c a n t l y  h ig h e r  f o r  s t u d e n ts  r e c e i v i n g  com puter  
program m ing i n s t r u c t i o n  th a n  t h e  mean s c o r e  f o r  s tu d e n ts  
r e c e i v i n g  no i n s t r u c t i o n  on t h e  concept o f  v a r i a b l e .
H y p o th e s is  5 s S tu d e n ts  r e c e i v i n g  te x tb o o k -b a s e d  
i n s t r u c t i o n  w i l l  n o t  d e m o n s t ra te  g r e a t e r  u n d e r s t a n d in g  o f  
th e  c o n c e p t  o f  v a r i a b l e  on t h e  p o s t t e s t  th a n  s t u d e n t s  
r e c e i v i n g  no i n s t r u c t i o n  on t h e  co n cep t o f  v a r i a b l e  
( c o n t r o l  g roup  s t u d e n t s ) .
T h is  h y p o t h e s is  was t e s t e d  by an o r th o g o n a l  c o n t r a s t ,  
te x tb o o k  g ro u p  v e rs u s  c o n t r o l  group. D u n c a n 's  
m u l t i p l e - r a n g e  t e s t  was employed w i th  t h e  d e s ig n a t e d
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o r th o g o n a l  c o n t r a s t , t e x t b o o k  group v e r s u s  c o n t r o l  group  
in c lu d e d  i n  t h e  m o d e l.  The in d e p e n d e n t  v a r i a b l e  was 
p o s t - t r e a t m e n t  s c o r e  i n  t h e  UCVI a t  t h e  end o f  t r e a t m e n t .  
The c o n t r a s t  was n o t  s i g n i f i c a n t ,  p > . 1 0 .  The n u l l  
h y p o th e s is  was n o t  r e j e c t e d  and t h e  p r e d i c t i v e  h y p o t h e s is  
was n o t  c o n f i r m e d .
l ! i e a t m e n t _ E f  f e e t  5 _ g n _ S tu d e n t  sJ__Und e r s t  and i.ng
o f _ t h e _ C g n c ip t _ g f  _V ar i_abJLe_Three
Weeks_Af te r_T r .ea t.m en t  
Means and s t a n d a r d  d e v i a t i o n s  f o r  s t u d e n t s '  r e t e n t i o n  
t e s t  s c o r e s  by t r e a t m e n t  group a r e  shown in  T a b le  5 (s e e  
page 1 1 6 ) .  T h i s  s e c t i o n  p r e s e n t s  t h e  r e s u l t s  o f  t e s t s  o f  
h y p o th e s e s  r e l a t e d  t o  t r e a t m e n t  e f f e c t s  on s t u d e n t s '  
u n d e r s t a n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  t h r e e  weeks a f t e r  
t r e a t m e n t .  B e f o r e  t h e  h y p o th e s e s  w ere  t e s t e d ,  an a n a l y s i s  
o f v a r i a n c e  was com puted t o  ass e ss  t r e a t m e n t  e f f e c t .  The  
• independent v a r i a b l e  was t r e a t m e n t ,  and t h e  d e p e n d e n t  
v a r i a b l e  was p o s t - t r e a t m e n t  s c o re  in  t h e  UCVI t h r e e  weeks  
a f t e r  t r e a t m e n t .  T h e re  was a s i g n i f i c a n t  m ain  e f f e c t  f o r  
t r e a t m e n t ,  F ( 2 ,  8 6 )  = 1 0 . 2 8 ,  p < . 0 0 0 1 .
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H y p o th e s is  4 ; S tu d e n ts  r e c e i v i n g  program m ing  
i n s t r u c t i o n  w i l l  n o t  d e m o n s tra te  g r e a t e r  u n d e r s ta n d in g  o f  
th e  c o n c e p t  o f  v a r i a b l e  on th e  r e t e n t i o n  t e s t  ( t h r e e  weeks  
a f t e r  t r e a t m e n t )  th a n  s t u d e n ts  r e c e i v i n g  te x tb o o k -b a s e d  
i n s t r u c t i o n .
T h is  h y p o t h e s is  was t e s t e d  by an o r th o g o n a l  c o n t r a s t ,  
com puter group v e r s u s  te x tb o o k  g ro u p . D u n c a n 's  
m u l t i p l e - r a n g e  t e s t  was employed w i t h  t h e  d e s ig n a te d  
o r th o g o n a l  c o m p a r is o n ,  com puter group v e r s u s  te x tb o o k  
group in c lu d e d  i n  t h e  m odel.  The d e p e n d e n t v a r i a b l e  was 
p o s t - t r e a t m e n t  s c a r e  on th e  UCVI t h r e e  weeks a f t e r  
t r e a t m e n t .  T h e re  was a s i g n i f i c a n t  m ain  e f f e c t  f o r  t h e  
c o n t r a s t  w i th  g < . 0 1 .  The h y p o th e s is  was r e j e c t e d  and 
t h e  p r e d i c t i v e  h y o o t h e s is  c o n f i rm e d .  The mean s c o re  in  
t h e  UCVI f o r  s t u d e n t s  r e c e i v i n g  com puter  program m ing  
i n s t r u c t i o n  was s i g n i f i c a n t l y  h ig h e r  th a n  t h e  mean s c o re  
f o r  s t u d e n t s  r e c e i v i n g  te x tb o o k -b a s e d  i n s t r u c t i o n .
H y p o th e s is  5 : S tu d e n ts  r e c e i v i n g  program m ing
i n s t r u c t i o n  w i l l  n o t  d e m o n s tra te  g r e a t e r  u n d e r s ta n d in g  o f  
t h e  c o n c e p t o f  v a r i a b l e  on th e  r e t e n t i o n  t e s t  ( t h r e e  weeks 
a f t e r  t r e a t m e n t )  th a n  s t u d e n ts  r e c e i v i n g  no i n s t r u c t i o n  on 
t h e  c o n c e p t o f  v a r i a b l e  ( c o n t r o l  g ro u p  s t u d e n t s ) .
T h is  h y p o t h e s is  was t e s t e d  by an o r th o g o n a l  c o n t r a s t ,  
com puter  group v e r s u s  c o n t r o l  g ro u p . D u n c a n 's  
m u l t i p l e - r a n g e  t e s t  was employed w i t h  t h e  d e s ig n a te d
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o r th o g o n a l  c o n t r a s t ,  com puter group v e r s u s  c o n t r o l  group  
in c lu d e d  i n  t h e  m odel.  The d e p e n d e n t v a r i a b l e  was 
p o s t - t r e a t m e n t  s c o re  on th e  UCVI t h r e e  weeks a f t e r  
t r e a t m e n t .  T h e r e  was a s i g n i f i c a n t  m ain  e f f e c t  f o r  t h e  
c o n t r a s t  w i t h  p < . 0 1 .  The h y p o t h e s is  was r e j e c t e d  and 
th e  p r e d i c t i v e  h y p o th e s is  was c o n f i r m e d .  The mean s c o re  
on th e  UCVI f o r  t h e  group  r e c e i v i n g  program m ing  
i n s t r u c t i o n  was s i g n i f i c a n t l y  h ig h e r  th a n  t h e  mean s c o re  
f o r  t h e  group  r e c e i v i n g  no i n s t r u c t i o n  on t h e  co n cep t o f  
v a r i a b l e .  T h i s  d i f f e r e n c e  seems t o  be e d u c a t i o n a l l y  as  
w e l l  as s t a t i s t i c a l l y  s i g n i f i c a n t .
H y p o th e s is  6 : S tu d e n ts  r e c e i v i n g  te x t b o o k - b a s e d
i n s t r u c t i o n  w i l l  n o t  d e m o n s t ra te  g r e a t e r  u n d e r s ta n d in g  o f  
t h e  co n cep t o f  v a r i a b l e  on t h e  r e t e n t i o n  t e s t  ( t h r e e  weeks  
a f t e r  t r e a t m e n t )  th a n  s tu d e n ts  r e c e i v i n g  no i n s t r u c t i o n  on 
t h e  co n cep t o f  v a r i a b l e  ( c o n t r o l  g ro u p  s t u d e n t s ) .
T h is  h y p o t h e s is  was t e s t e d  by an o r th o g o n a l  c o n t r a s t ,  
te x tb o o k  g ro u p  v e rs u s  c o n t r o l  g ro u p .  D u n c a n 's  
m u l t i p l e - r a n g e  t e s t  was em ployed w i t h  t h e  d e s ig n a te d  
o r th o g o n a l  c o n t r a s t ,  t e x tb o o k  g roup  v e r s u s  c o n t r o l  g roup  
d e s ig n a te d  i n  t h e  m odel.  The d e p e n d e n t  v a r i a b l e  was 
p o s t - t r e a t m e n t  s c o re  on t h e  UCVI t h r e e  weeks a f t e r  
t r e a t m e n t .  T h e re  was a n o n s i g n i f i c a n t  main e f f e c t  f o r  t h e  
c o n t r a s t  w i t h  g> > . 1 0 .  The n u l l  h y p o t h e s is  was no t  
r e j e c t e d  and t h e  p r e d i c t i v e  h y p o t h e s is  was n o t  c o n f i r m e d .
ST''
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Io w a rd _ M a th e m a t ic s  
The RSD, w h ich  in c lu d e d  s ix  c o n c e p ts ,  was 
a d m in is te r e d  a g a in  a f t e r  t h e  t r e a t m e n t .  Means and 
s ta n d a r d  d e v i a t i o n s  f o r  s t u d e n t s '  s c o re s  f a r  each o f  t h e  
RSD c o n c e p ts  a r e  shown in  T a b le  6 .  T h is  s e c t i o n  p r e s e n t s  
r e s u l t s  o f  t h e  t e s t  o f  t h e  h y p o th e s is  r e l a t e d  t o  t r e a t m e n t  
e f f e c t s  on s t u d e n t s '  a t t i t u d e s  to w ard  m a th e m a t ic s  a t  t h e  
end o f  t h e  t r e a t m e n t .
H y p o th e s is  7 ; S tu d e n ts  r e c e i v i n g  programming  
i n s t r u c t i o n  w i l l  h ave  a more p o s i t i v e  a t t i t u d e  to w a rd  
m a th e m a tic s  a t  t h e  end o f  th e  t r e a t m e n t  th a n  s tu d e n t s  
r e c e i v i n g  t e x tb o o k -b a s e d  i n s t r u c t i o n  o r  no i n s t r u c t i o n  on 
th e  c o n c e p t  o f  v a r i a b l e .
In  o r d e r  t o  com pare t h e  e f f e c t  o f  u s in g  a com puter  
program m ing a p p ro a c h ,  a te x tb o o k -b a s e d  a p p ro a c h ,  and a non 
i n s t r u c t i o n  ap p ro ach  t o  s t u d e n t s '  a t t i t u d e s  to w a rd  
m a th e m a tic s  a t  t h e  end o f  t h e  t r e a t m e n t ,  an a n a l y s i s  o f  
v a r ia n c e  was p e r fo r m e d ,  w i t h  t h e  in d e p e n d e n t  v a r i a b l e  
b e in g  t r e a t m e n t .  The d e p e n d e n t v a r i a b l e s  w ere  
p o s t - t r e a t m e n t  s c o r e s  f o r  each RSD c o n c e p t .  T h e re  w e re  no 
s i g n i f i c a n t  d i f f e r e n c e s  among s t u d e n t s '  a t t i t u d e s  to w a rd  
any o f  t h e  s i x  t a r g e t  o b j e c t s  in c lu d e d  i n  t h e  RSD 
(m a th e m a t ic s  t e a c h e r ,  c o m p u te r ,  m a th e m a tic s  a c t i v i t i e s ,  
m a th e m a tic s  a c t i v i t i e s  w i t h  t h e  c o m p u te r ,  i n t e r a c t i o n
n*r~-
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Table 6
M§§D.J3 SD _Q Q nceB t_Scgres_bY _Trea tm ent_G rgu |2
RSD
T re a tm e n t n 1 2 3 4 5 6
Computer
M
28
2 6 . 0 3 9 . 7 2 8 .7 3 7 . 4 3 0 . 7 3 8 . 3
SD 1 0 . 0 8 . 6 8 . 1 7 . 0 7 .  1 B. 1
T ex tb o o k
M
31
2 5 . 4 4 3 . 5 4 1 . 2 2 8 . 5 4 3 . 0
SD 1 1 . 1 8 . 4 1 2 .4 1 1 .3 1 1 .9 7 . 8
C o n t r o l
M
30
26 • 3 4 1 . 9 2 7 . 3 4 0 .  1 2 8 .  0 4 1 . 6
9 . 2 1 0 .3 8 . 7 1 1 . 2 8 . 1 1 0 . 1
N o t e . The s c o re s  in c lu d e d  i n  t h i s  t a b l e  a r e  -from 
t h e  RSD g iv e n  a t  t h e  end o f  t r e a t m e n t .
Maximum s c o re  f o r  each RSD s u b s c a le  = 5 0 .
RSD = R o b u stn ess  S e m a n t ic  D i f f e r e n t i a l ;  RSD1 = 
m a th e m a tic s  t e a c h e r ;  RDS2 = c o m p u te r;  RSD3 = m a th e m a tic s  
a c t i v i t i e s ;  RSD4 = m a th e m a t ic s  a c t i v i t i e s  w i t h  th e  
c o m p u te r;  RSD5 = i n t e r a c t i o n  w i th  t h e  t e a c h e r ;  RSD6  = 
i n t e r a c t i o n  w i t h  t h e  c o m p u te r .
The h ig h e r  t h e  s c o r e ,  t h e  g r e a t e r  t h e  r o b u s tn e s s  o f  t h e  
s ix  t a r g e t  o b j e c t s  o r  c o n c e p ts  in c lu d e d  i n  t h e  RSD.
ET'
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w ith  t h e  m a th e m a t ic s  t e a c h e r ,  and i n t e r a c t i o n  w i t h  t h e  
c o m p u te r .  The n u l l  h y p o t h e s is  was n o t  r e j e c t e d  and th e  
p r e d i c t i v e  h y p o t h e s is  was n o t  c o n f i r m e d .  R e s u l t s  o f  th e  
a n a l y s i s  o f  v a r i a n c e  f o r  each RSD t a r g e t  o b j e c t  a r e  
p re s e n te d  i n  T a b le s  7 ,  8 , 9 ,  10 , 11 ,  and 12.
§yE E l§ ff l§Q £s I_ £E § i.¥ l§ : l
S u p p le m e n ta l  a n a ly s e s  a p p r o p r i a t e  t o  t h e  d a t a  were  
c o m p le te d  as s u g g e s te d  by t h e  i n i t i a l  d a t a  a n a l y s i s  
r e s u l t s .  These  a n a ly s e s  in c lu d e  e x a m in in g  t h e  s t r e n g t h  o f  
th e  r e l a t i o n s h i p  betw een  s t u d e n t s '  p r e - t r e a t m e n t  s c o re s  
and t h e i r  p o s t - t r e a t m e n t  s c o r e s ,  i n t e r c o r r e l a t i o n s  between  
s t u d e n t s '  p r e - t r e a t m e n t  s c o r e s ,  RSD s u b s c a le  s c o r e s ,  
m u l t i p l e  r e g r e s s io n  o f  s t u d e n t s '  p o s t - t r e a t m e n t  s c a r e s  an 
t h e i r  p r e - t r e a t m e n t  s c o r e s ,  r e l i a b i l i t y  a n a ly s e s  o f  RSD 
and UCVI s c o r e s ,  and a s u g g e s te d  model t o  i n c r e a s e  
R -S q u a re .
i  gnsh i  p _ B e t w een_Studen t  s J._Pr e - t  r e a t  men t_ an d _F 'g s t t e s t  
S co re s
The s t r e n g t h  o f  th e  r e l a t i o n s h i p  b e tw een  s t u d e n t s '  
u n d e r s t a n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  a t  t h e  end o f  th e  
t r e a t m e n t  and t h e i r  l o g i c a l  t h i n k i n g ,  m a th e m a t ic s  
a c h ie v e m e n t ,  and a t t i t u d e s  to w a rd  m a th e m a tic s  was in h e re d  
fro m  t h e  s i g n i f i c a n c e  o f  t h e  c o r r e l a t i o n  be tw een  s t u d e n t s '  
p o s t t e s t  s c o r e s  and t h e i r  s c o re s  i n  each o f  t h e
er~
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Table 7
6Q3l^§i.s_of _Var,iance_f or _RSD1._> Scares
Dependent v a r i a b l e :  P r e - t r e a t m e n t  s c o re s  f o r  RSD1
Source  of  
V a r i  ance d f
Sum o f  
S q u a re s
Mean
S q u are E E
Model 2 9 . 6 6 1 4 .8 3 . 1 9  . 8 3 .0 0 4
E r r o r 8 6 6 7 2 4 .4 5 7 8 .  19
C o r re c te d
T o t a l
8 8 6 7 5 4 .1 1
N o te .  RSD1 = R o b u s tn e s s  S e m a n t ic  D i f f e r e n t i a l  w i t h-------- i
t a r g e t  a b j e c t  b e in g  t h e  m a th e m a t ic s  t e a c h e r .
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Table 8
B D § iy § l .§ _ S f  QH_E'iS2 _ScD res
Dependent v a r i a b l e :  P r e - t r e a t m e n t  s c o r e s  -for RSD2
Source  o-f 
V a r ia n c e d-f
Sum o-f 
S q u a re s
Mean
S quare E E E2.
Model Xm 1 4 0 .7 8 7 0 . 3 9 1 .8 0  .1 7 .0 4
E r r o r 8 6 3 3 6 8 .7 5 3 9 .  17
C o r r e c t e d
T o t a l
8 8 3 5 0 9 .5 3
N o t e . RSD2 = R o b u s tn ess  S em a n tic  D i f f e r e n t i a l  
s u b s c a le  w i t h  t a r g e t  o b je c t  b e in g  t h e  c o m p u te r .
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Table 9
An a l.^ s i .s _g £_V ari.an  ce_fgr_RSD3_Scgr.es
Dependent v a r i a b l e :  F're-- t re a tm e n t  s c o re s  f o r  RSD3
Source of  
V a r ia n c e d f
Sum o f  
S q u a re s
Mean
Square F p Rf:
Model 2 1 8 .9 5 9 .4 7  .1 1  .8 9 . 0003
E r r o r 8 6 7 2 7 7 .5 0 8 4 .6 2
C o rre c te d
T o ta l
8 8 7 2 9 6 .4 5
N o te ,  RSD3 = R o b u s tn e s s  S em antic  D i f f e r e n t i a l
s u b s c a le  w i t h  t a r g e t  o b j e c t  b e in g  m a th e m a t ic s  a c t i v i t i e s .
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Table 10
0Q §I^§ i§_Q f_ li! l® !l i iQ £ i_ fQ !2_B S D 4_S cg res
Dependent v a r i a b l e :  P r e - t r e a t m e n t  s c o re s  f o r  RSD4
S ource  o f  
V a r i  ance df
Sum o f  Mean 
S q u a re s  S q u are E E R *
Model 9 .7 1  4 . 8 6 .0 6  .9 4 . 0 0 2
E r r o r 86 6 4 3 1 .0 9  7 4 . 7 8
C o r r e c te d
T o t a l
as 6 4 4 0 .8 0
N o t e . RSD4 -  R o b u s tn e s s  S e m a n t ic  D i f f e r e n t i a l  
s u b s c a le  w i t h  t a r g e t  o b j e c t  b e in g  m a th e m a tic s  a c t i v i t i e s  
w it h  t h e  c o m p u te r .
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Table 11
BQ§l¥§is_of_Variance_£or_RSD5_Scores
Dependent v a r i a b l e :  P r e - t r e a t m e n t  s c o re s  f o r  RSD5
S ource  o f  
V a r i  ance d f
Sum o f  
S q u a res
Mean
Square F E R *
Model 141 . 18 7 0 .5 9 . 6 9  . 5 0 . 0 2
E r r o r 8 6 7 2 7 7 .5 0 8 4 .6 2
C o r r e c te d
T o ta l
8 8 7 2 9 6 .4 5
N o te .  RSD5 = R o b u s tn e s s  S em antic  D i f f e r e n t i a l  
s u b s c a le  w i t h  t a r g e t  o b j e c t  b e in g  i n t e r a c t i o n  w i t h  th e  
m a th e m a tic s  t e a c h e r .
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Table 12
Anal ^ si.s_gf_Vgr iance_fgr_RSD6_Sc ores
Dependent v a r i a b l e :  P r e - t r e a t m e n t  s c o re s •for RSD6
Source o-f 
V a r i  ance d-f
Sum o-f 
S q u a re s
Mean
S quare E E £ 2
Model 1 5 .5 8 7 .7 9 14 . 8 7 .0 0 3
E r r o r 8 6 4 9 4 2 .3 1 5 7 .4 7
C o r re c te d
T o ta l
8 8 4 9 5 7 .8 9
N o te . RSD6  = R o b u s tn e s s  S em a n tic  D i f f e r e n t i a l  
s u b s c a le  w i t h  t a r g e t  o b j e c t  b e in g  i n t e r a c t i o n  w i t h  th e  
c o m p u te r .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
131
p r e - t r e a t m e n t  m easu res  (TOLT, CTBS, and RSD) by t r e a t m e n t  
g ro u p . T a b le  13 p r e s e n t s  t h e  c o r r e l a t i o n s  betw een  
s t u d e n t s ' p o s t t e s t  s c o r e s  and each p r e - t r e a t m e n t  m easure  
by t r e a t m e n t  g ro u p .  The - f o l lo w in g  s u p p le m e n ta l  r e s e a r c h  
q u e s t io n s  w ere  a n a ly s e d  based  on th e s e  c o r r e l a t i o n s .
W h£t_ i s _ t h e _ r § i a t i  o n s h i g_be tw een _ s tu d e n t  s_l_egst t e s t  _sc  o re s  
b y _ t r e a t m e n t _ g r g u g _ a n d _ t h e i . r _ s c g r e s _ g n _ t h e _ a f f e c t iy e
§ £ § I § 2
The c o r r e l a t i o n  betw een  s t u d e n t s '  p o s t t e s t  s c o r e s  and 
t h e i r  s c o re s  f o r  each  RSD c o n c e p t  was t e s t e d  by t r e a t m e n t  
g ro u p . The P e a rs o n  r  c o e f f i c i e n t  f o r  t h e  c o r r e l a t i o n  
betw een c o m p u te r ,  t e x t b o o k ,  and c o n t r o l  group s t u d e n t s '  
s c o re s  on t h e  p o s t t e s t  and t h e i r  s c o re s  on each  RSD 
c o n ce p t s c o re s  ra n g e d  fro m  z e r o  ( r  = . 0 2 ) t o  low  
<r = . 2 5 )  in  m a g n i tu d e  and w ere  p o s i t i v e  in  
d i r e c t i o n .  The c o r r e l a t i o n s  between th e s e  tw o  v a r i a b l e s  
were n o t  s i g n i f i c a n t  f o r  s t u d e n t s  r e c e i v i n g  co m p u te r  
program m ing i n s t r u c t i o n ,  s t u d e n t s  r e c e i v i n g  t e x t b o o k - b a s e d  
i n s t r u c t i o n  and s t u d e n t s  r e c e i v i n g  no i n s t r u c t i o n  on t h e  
c o n c e p t  o f  v a r i a b l e .
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Table 13
£§§!lson_r_Cgr r gIatign_Bet ween_Pre-treat men t_and_Post test 
Scgres_by_Jreatment_Brgug
UCVI P o s t t e s t
P r e t e s t
Com puter T e x tb o o k C o n t r o l
r E r r 2
RSD1 . 14 .4 7 2 9 . 0 3 .8 9 0 7 . 0 3 .8 9 4 6
RSD2 .0 4 .8 2 6 1 . 0 2 . 8953 . 0 2 . 8 9 5 9
RSD3 . 2 1 . 2 7 7 4 . 03 .8 9 0 9 . 0 3 .8 9 4 1
RSD4 .0 3 .8 9 4 3 . 03 . 8946 . 0 3 .8 9 5 5
RSD5 .2 4 . 2 0 2 2 . 1 2 .5 7 5 1 . 1 1 . 5 74 4
RSD6 . 2 0 . 2 9 6 1 .0 3 .89 4 1 . 0 3 . 8 94 3
CTBS . 5 6 . 0 0 2 1 * * . 3 8 . 0 3 3 6 * .7 1 . 0 0 0 1 * * *
TOLT .6 0 . 0 0 0 7 * * * cna W r fL . 0 0 2 7 * * . 3 0 . 1 0 2 1
*  E < • 0 5 . * *  e < . 0 1 . * * *  2 < . 0 0 1 •
N o te . UCVI = U n d e r s ta n d in g  o f t h e  Concept o f
V a r i a b l e  In s t r u m e n t ;  RSD = R obustness  S e m a n tic  
D i f f e r e n t i a l ; RSD1 = m a th e m a tic s ;  RSD2 = c o m p u te r ;  RSD3 
= m a th e m a tic s  a c t i v i t i e s ;  RSD4 = m a th e m a t ic s  a c t i v i t i e s  
w ith  t h e  c o m p u te r ;  RSD5 = i n t e r a c t i o n  w i t h  t h e  t e a c h e r ;  
RSD6  = i n t e r a c t i o n  w i t h  t h e  c o m p u te r;  CTBS =
C om prehensive  T e s t  o f  B a s ic  S k i l l s ;  TOLT — T e s t  o f  
L o g ic a l  T h i n k in g .
Sr-
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W h § t_ ie _ th e _ r  e 1. a t  i.on5 h iB _ b  e tw een _ s tu d e n t  B^_g,gst t e s t  _bc o r  es
b y _ t r e a t m e n t _ g r o u B _ a n d _ t h e i r _ 5 c g r e s _ g n _ t h e _ m a t h e f n a t i . e s
£Ebigvement_test?
The c o r r e l a t i o n  b e tw een  s t u d e n t s '  p o s t t e s t  s c o r e s  and 
t h e i r  s c o r e s  on t h e  m a th e m a t ic s  a c h ie v e m e n t  t e s t  was 
t e s t e d  by t r e a t m e n t  g ro u p .  The Pearson  r  c o e f f i c i e n t  -for  
th e  c o r r e l a t i o n  be tw ee n  s t u d e n t s '  s c o re s  on t h e  p o s t t e s t  
and t h e i r  s c o r e s  on t h e  m a th e m a t ic s  a c h ie v e m e n t  t e s t  was 
s i g n i f i c a n t  -for t h e  s t u d e n t s  r e c e i v i n g  co m p u ter  
program m ing i n s t r u c t i o n ,  r  = . 5 6 ,  g < . 0 0 0 2 .  The P e a rs o n  
r  c o e f f i c i e n t  f o r  t h e  c o r r e l a t i o n  betw een t h e  t e x tb o o k  
group s t u d e n t s '  s c o r e s  on t h e  p o s t t e s t  and t h e i r  s c o r e s  in  
th e  m a th e m a tic s  a c h ie v e m e n t  t e s t  was a ls o  s i g n i f i c a n t ,  r  = 
. 3 8 ,  g < . 0 3 .  F i n a l l y ,  t h e  Pearson  r  c o e f f i c i e n t  f o r  t h e  
c o r r e l a t i o n  betw een  t h e  c o n t r o l  group s t u d e n t s '  p o s t t e s t  
s c o re s  and t h e i r  m a th e m a t ic s  a c h ie v e m e n t  s c o r e s  was a ls o  
s i g n i f i c a n t ,  r  = . 7 1 ,  g -0 0 0 1 *
What_i.s_the_rel atignshiB_between_studentsJ__ggsttest_scores 
by_treatment_grguB_and_their_scores_gn_the_l.ggi.cal.
£b iQ iiiQ 9_£l§§£2
The c o r r e l a t i o n  b e tw een  s t u d e n t s '  p o s t t e s t  s c o r e s  and
t h e i r  l o g i c a l  t h i n k i n g  s c o r e s  was t e s t e d  by t r e a t m e n t  
g ro u p . The P ea rs o n  r  c o e f f i c i e n t  f o r  t h e  com puter g ro u p  
s c o re s  on t h e  p o s t t e s t  and t h e i r  s c o re s  on t h e  l o g i c a l  
t h i n k i n g  t e s t  was s i g n i f i c a n t ,  w i th  r  = . 6 9  and g < . 0 0 0 7 .
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The F'earsan r  c o e f f i c i e n t  f o r  th e  c o r r e l a t i o n  be tw een  th e  
te x tb o o k  g ro u p  s t u d e n t s '  p o s t t e s t  s c o re s  and t h e i r  s c o re s  
on t h e  l o g i c a l  t h i n k i n g  t e s t  was s i g n i f i c a n t ,  r  = . 5 2 ,  g < 
. 0 0 3 .  The P ea rs o n  r  c o e f f i c i e n t  f o r  t h e  c o r r e l a t i o n  
betw een c o n t r o l  g ro u p  s t u d e n t s '  s c o re s  on t h e  p o s t t e s t  and 
t h e i r  s c o r e s  on t h e  l o g i c a l  t h i n k i n g  t e s t  was n o t  
s i g n i f i c a n t .
Sgi§tignsh^g_Bet ween _Students J__F'r e-treat men t_and_Retenti on
The r e l a t i o n s h i p  betw een  s t u d e n t s '  u n d e r s t a n d in g  of  
t h e  c o n c e p t  o f  v a r i a b l e  t h r e e  weeks a f t e r  t r e a t m e n t  and 
t h e i r  l o g i c a l  t h i n k i n g ,  m a th e m atic s  a c h ie v e m e n t ,  and 
a t t i t u d e s  to w a rd  m a th e m a t ic s  was in h e r e d  fro m  t h e  
s i g n i f i c a n c e  o f  t h e  c o r r e l a t i o n  betw een  s t u d e n t s '  s c o re s  
on t h e  r e t e n t i o n  t e s t  and t h e i r  s c o re s  on each  o f  t h e  
p r e - t r e a t m e n t  m easures  by t r e a tm e n t  g ro u p .  T a b le  14 
p r e s e n ts  t h e  c o r r e l a t i o n s  between s t u d e n t s '  r e t e n t i o n  t e s t  
s c o re s  and t h e i r  p r e - t r e a t m e n t  s c o re s  by t r e a t m e n t  g ro u p .  
The f o l l o w i n g  r e s e a r c h  q u e s t io n s  w ere  a n a ly z e d  based  on 
th e s e  c o r r e l a t i o n s .
What_i§_the_r el.at i.gnshi g_between_studentsj__retent i_on_test
IE9C§§_by_treatment_grgug_and_their_scgres_gn_.the
§££  e c t i .v e _ .s c a l  e?
The c o r r e l a t i o n  betw een  s t u d e n t s '  r e t e n t i o n  t e s t
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Table 14
P e a r s o n _ r _ C g r r e la t i .o n _ B e tw e e n _ P r e “ t r e a t fQ e n t_ a n d _ R e te n t  i.ort 
I § § t_ S c o r e s _ b ^ _ I r e a tm e n t_ G r o y B
UCVI R e t e n t io n  T e s t
P r e t e s t
Com puter T ex tb o o k C o n t r o l
r R r £ r £
RSD1 .24- .2 0 7 2 . 1 1 .5 2 8 6 . 0 1 . 9 7 8 7
RSD2 . 19 . 3 24 7 . 19 .3 0 2 9 . 0 2 . 8 8 3 0
RSD3 . 14 .4 6 8 1 . 13 .4 9 4 6 . 0 1 . 9 5 7 0
RSD4 . 1 2 . 5 4 2 3 .0 4 .8 1 4 3 . 15 .4 0 5 4
RSD5 . 1 2 . 5 3 0 8 . 0 2 .9 0 9 1 . 18 . 3 4 4 9
RSD6 . 0 3 .8 9 8 4 .0 6 .7 6 7 2 .0 4 .8 5 0 7
CTBS . 5 6 . 0 0 2 1 * * . 4 7 . 0 0 7 2 * * . 6 9 . 0 0 0 1 * * *
TOLT . 53 . 0 0 3 1 * * .4 5 . 0 1 0 3 * . 4 5 . 0 1 0 4 *
*  E < . 0 5 . * *  e < . 0 1 - * * *  E < . 0 0 1 .
Not e . UCVI *= U n d e r s ta n d in g  o f th e  Concept o f
V a r i a b l e  In s t r u m e n t ;  RSD = R obustness  S e m a n tic  
D i f f e r e n t i a l ;  RSD1 -  m a th e m a t ic s ;  RSD2 = c o m p u te r ;  RSD3 
= m a th e m a t ic s  a c t i v i t i e s ;  RSD4 = m a th e m a t ic s  a c t i v i t i e s  
w ith  t h e  c o m p u te r ;  RSD5 = i n t e r a c t i o n  w i t h  t h e  t e a c h e r ;  
RSD6  = i n t e r a c t i o n  w i t h  t h e  c o m p u te r;  CTBS =
C om prehensive  T e s t  o f  B a s ic  S k i l l s ;  TOLT = T e s t  o f  
L o g ic a l  T h i n k in g .
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s c o re s  and t h e i r  s c o re s  on each of t h e  RSD c o n c e p ts  was 
t e s t e d  by t r e a t m e n t  g ro u p . The Pearson r  c o e f f i c i e n t  -for  
th e  c o r r e l a t i o n  be tw een  c o m p u te r ,  t e x t b o o k ,  and c o n t r o l  
group s t u d e n t s '  r e t e n t i o n  t e s t  sc o re s  and t h e i r  s c o r e s  on 
each RSD c o n c e p t  ra n g e d  -from z e ro  ( r  = . 0 1 )  t o  low  
<r = . 2 4 )  in  m a g n itu d e  and w ere  p o s i t i v e  in  
d i r e c t i o n .  T h e se  c o r r e l a t i o n s  were n o t  s i g n i f i c a n t  f o r  
s tu d e n ts  r e c e i v i n g  com puter p rogram ing  i n s t r u c t i o n ,  
s tu d e n ts  r e c e i v i n g  te x tb o o k -b a s e d  i n s t r u c t i o n  o r  s tu d e n t s  
r e c e i v i n g  no i n s t r u c t i o n  on th e  concept o f  v a r i a b l e .
W h a t _ is _ t h e _ r e l .a t  i .gQshi,g_between>_ s tu d e n ts il _ r e t e n t i g n _ t e s t
scores_by_tr eatment_gr gug_and_their__scgres_gn_the
•B §fe t iem ati.cs_ach ieyem ent_tes t?
The c o r r e l a t i o n  be tw ee n  s t u d e n t s '  r e t e n t i o n  t e s t  
s c o re s  and t h e i r  s c o re s  on th e  m a th e m atic s  t e s t  was t e s t e d  
by t r e a t m e n t  g ro u p .  The P earson r  c o e f f i c i e n t  f o r  t h e  
c o r r e l a t i o n  b e tw ee n  r e t e n t i o n  t e s t  s c o re s  and m a th e m a t ic s  
a c h ie v e m e n t t e s t  s c o re s  was s i g n i f i c a n t  f o r  s t u d e n t s  
r e c e i v i n g  c o m p u te r  program m ing i n s t r u c t i o n ,  r  = . 5 6 ,  e < 
. 0 0 2 .  The P e a rs o n  r  c o e f f i c i e n t  f o r  t h e  c o r r e l a t i o n  
betw een t e x t b o o k  group  s t u d e n t s '  r e t e n t i o n  t e s t  s c o re s  and 
t h e i r  m a th e m a t ic s  a c h ie v e m e n t  t e s t  s c o re s  was a ls o  
s i g n i f i c a n t ,  r  -= - .4 7 ,  e < . 0 0 7 .  T h is  was a l s o  t h e  c as e  
f o r  t h e  c o n t r o l  g roup  s t u d e n t s '  s c a re s  i n  t h e s e  tw o t e s t s ,  
r  = . 6 9 ,  p < . 0 0 0 1 .
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W hat_ i_s_ the_r e l a t i o n  s h ig i_ b e t  ween _ s t u d e n t s _ l_ r e t  e n t  i.gn _ t e s t  
s c o re s  J 3 y _ t r  e a t  m e n t_ g rg u g _ a n d _ th e ir_ s e g re s _ g n _ th e _ J h 3 gi.cal. 
£b ^Q iiiQ S _£est?
The c o r r e l a t i o n  b e tw een  s t u d e n t s '  r e t e n t i o n  t e s t  
s c o re s  and t h e i r  s c a r e s  on t h e  l o g i c a l  t h i n k i n g  t e s t  was 
t e s t e d  by t r e a t m e n t  g ro u p .  The P ea rs o n  r  c o e f f i c i e n t  -for  
th e  c o r r e l a t i o n  be tw ee n  co m p u ter  program m ing  group  
s t u d e n t s '  r e t e n t i o n  t e s t  s c o r e s  and t h e i r  l o g i c a l  t h i n k i n g  
t e s t  s c a r e s  was s i g n i f i c a n t ,  r  = . 5 3 ,  g < . 0 0 3 .  T h is  was 
a ls o  t h e  c as e  f o r  t h e  t e x tb o o k  and c o n t r o l  g roup s t u d e n t s '  
s c o re s  in  th e s e  tw o  t e s t s ,  w i t h  r  = . 4 5  and g < . 0 1 .
i Q t e r c o r r e l  a t ig n s _ B e tw e e n _ P r e n t r e a tm e n t_ M e a s u r e s
These s u p p le m e n ta l  a n a ly s e s  w ere  based  on t h e  Pearson  
r  c o f f i c i e n t s  f o r  t h e  i n t e r c o r r e l a t i o n s  b e tw een  t h e  
f o l l o w i n g  p r e - t r e a t m e n t  m easu res: TOLT, CTBS, and RSD
c o n c e p ts .  T a b le  15 p r e s e n t s  t h e  c o r r e l a t i o n s  betw een  th e  
p r e - t r e a t m e n t  m easures  f o r  a l l  s t u d e n t s  (n = 8 9 ) .
The c o r r e l a t i o n s  ra n g e d  fro m  z e r o  ( r  = . 0 1 )  t o  
m o d e r a t e ly  s t r o n g  ( r  = . 6 9 )  in  m a g n itu d e  and w ere  
p o s i t i v e  in  d i r e c t i o n .
The i n t e r c o r r e l a t i o n s  betw een  t h e  RSD c o n c e p t s c o re s  
ra n g e d  fro m  low  <r = . 2 0 ) t o  m o d e r a t e ly  s t r o n g  
<r = . 7 0 )  i n  m a g n itu d e  and w ere  p o s i t i v e  i n  
d i r e c t i o n .  The o n l y  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n
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Table 15
E 'l§C so n _r_ In  t e r c o r r e l  a t  io n _B etw ee n _P r e - t r e a t  m e n t_S co res
In s t ru m e n t TOLT RSD2 RSD3 RSD4 RSD5 RSD6 RSD6
(n. = 89)
CTBS . 3 0 .0 8 . 18 . 0 1 . 1 0 . 0 5 . 15
TOLT ------ . 0 5 .0 8 . 0 1 . 17 .2 5 ■ <£—
RSD1 ------ . 25 »63 .2 7 . 4 0 . 2 0
RSD2 ------ . 1 2 . 7 0 '. 2 1 . 4 7
RSD3 ----- 0"7 » •*-. / . 48 . 2 7
RSD4 ------ . 33 .6 4
RBD5 ------ .3 1
RSD6 ------
*  E < . 0 5 . ** e < . 0 1 . B < • 0 0 1 .
M o te . RSD = R o b u s tn e s s  S em a n tic  D i f f e r e n t i a l ;  RSD1 
= m a th e m a tic s ;  RSD2 = c o m p u te r;  RSD3 = m a th e m a t ic s  
a c t i v i t i e s ;  RBD4 = m a th e m a tic s  a c t i v i t i e s  w i t h  t h e  
com puter; RSD5 = i n t e r a c t i o n  w i th  t h e  t e a c h e r ;  RSD6  = 
i n t e r a c t i o n  w i t h  t h e  c o m p u te r;  CTBS = C o m p re h e n s iv e  T e s t  
o f B a s ic  S k i l l s ;  TOLT = T e s t  o f  L o g ic a l  T h i n k in g .
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c o e f f i c i e n t  was be tw ee n  RSD2 (c o m p u te r)  and RSD4 
(m a th e m a t ic s  a c t i v i t i e s  w i th  t h e  c o m p u te r )  w i t h  r  = . 7 0  
and p < . 0 0 0 1 .  The F'earson r  c o e f f i c i e n t  f o r  t h e  
c o r r e l a t i o n  be tw een  t h e  TOLT and CTBS s c a r e s  was  
s t a t i s t i c a l l y  s i g n i f i c a n t ,  r  = . 2 9 8 ,  a < . 0 0 5 .  T h is  
s u g g e s ts  a m o d e ra te  r e l a t i o n s h i p  betw een  s t u d e n t s '  TOLT 
and CTBS s c o r e s .
The P ears o n  r  c o e f f i c i e n t  f o r  t h e  i n t e r c o r r e l a t i o n s  
betw een s t u d e n t s '  TOLT s c o re s  and t h e i r  RSD c o n c e p t  s c o re s  
ran g ed  ran g ed  f ro m  z e r o  <r = . 0 2 ) t o  somewhat 
m o d era te  (r. = . 2 5 )  and were p o s i t i v e  i n  d i r e c t i o n .
O nly  tw o o f t h e  i n t e r c o r r e l a t i o n s  b e tw een  TOLT and RSD 
c o n c e p t s c a r e s  w ere  s t a t i s t i c a l l y  s i g n i f i c a n t .  The 
c o r r e l a t i o n  b e tw ee n  TOLT and RSD5 ( i n t e r a c t i o n  w i t h  t h e  
m a th e m a tic s  t e a c h e r )  s c o re s  and TOLT and RSD6  ( i n t e r a c t i o n  
w ith  t h e  c o m p u te r )  s c o re s  were s t a t i s t i c a l l y  s i g n i f i c a n t  
w ith  g> < . 0 5 .
The P ea rs o n  r  c o e f f i c i e n t  f o r  t h e  i n t e r c o r r e l a t i o n s  
betw een s t u d e n t s ’ CTBS s c o re s  and t h e i r  RSD c o n c e p t  s c o re s  
ran g ed  fo rm  z e r o  (r, = . 0 1 )  t o  low  ( r  ~ . 1 9 )  i n  
m a g n itu d e  and w ere  p o s i t i v e  i n  d i r e c t i o n .  T h ese  
i n t e r c o r r e l a t i o n s  w ere  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
lQ t § C c o r r e l . a t ig n s _ b e t  w §en_CTBS_and_TO LT_Scgres_and_the  
E!2 i | t - t r e a t  men t_RSD_Sc o re s
These s u p p le m e n ta l  a n a ly s e s  w ere  based  on t h e  P earson
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r  c o e f f i c i e n t  -for t h e  c o r r e l a t i o n  between s t u d e n t s '  TOLT 
and CTBS s c o r e s  and t h e i r  p o s t - t r e a t m e n t  RSD s c a r e s .
T a b le  16 p r e s e n t s  t h e  c o r r e l a t i o n s  between t h e  CTBS and 
TOLT s c o re s  and t h e  p o s t - t r e a t m e n t  RSD s c o r e s  by t r e a t m e n t  
group (c o m p u te r ,  t e x t b o o k ,  and c o n t r o l ) .
The c o r r e l a t i o n s  b e tw een  t h e  d i f f e r e n t  t r e a t m e n t  
g ro u p s  TOLT s c o r e s  ra n g e d  fro m  z e r o  ( r  = . 0 1 )  t o  low  
<r = .3 9 )  in  m a g n itu d e  and w ere  p o s i t i v e  in  
d i r e c t i o n .  Th ese  c o r r e l a t i o n s , w i th  one e x c e p t i o n ,  were  
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The o n ly  s i g n i f i c a n t  
c o r r e l a t i o n  was b e tw een  t h e  te x tb o o k  group  s t u d e n t s '  TOLT 
s c o re s  and t h e i r  s c o r e s  i n  t h e  RSD c o n c e p t  " m a th e m a t ic s  
a c t i v i t i e s  w i t h  t h e  co m p u te r"  <r = . 3 9 ,  p < . 0 3 1 7 ) .
The c o r r e l a t i o n s  betw een  th e  d i f f e r e n t  t r e a t m e n t  
groups  CTE<S s c o r e s  ra n g e d  fro m  z e r o  r  = . 0 1 )  t o  low  
( r  = .3 4 )  in  m a g n itu d e  and w ere  p o s i t i v e  i n  
d i r e c t i o n .  These  c o r r e l a t i o n s  were n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  The h i g h e s t  c o r r e l a t i o n  was b e tw een  t h e  
com puter g ro u p  s t u d e n t s '  TOLT s c o re s  and t h e i r  s c o r e s  in  
t h e  RSD c o n c e p t  " i n t e r a c t i o n  w i t h  th e  co m p u te r"  ( r  -  
. 3 4 ,  e > . 0 6 9 4 ) .
RSD_Subscal_es
In  o r d e r  t o  re d u c e  t h e  number o f  c o n c e p ts  c o m p r is in g  
t h e  RSD s c a l e  used t o  m easure  s t u d e n t s '  a f f e c t i v e  l e v e l ,  
two RSD s u b s c a le s  w e re  c o n s id e r e d  u s in g  t h e  t o t a l  sums o f
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Table 16
P g g r g g n _ r _ In t e r c p r r e la t iq n . ,  Between CTBS and TOLT S co res  
£Dd_E9 l t z t r e a t m e n t _ S c o r e s
RSD
In s tru m e n t 1 4 5 6
CTBS .0 8
Computer Group 
. 2 1  . 0 1
In “
. 23
89 )
. 18 .3 4
TOLT . 0 1 . 1 5  . 2 3 .2 7 . 16 .3 4
CTBS . 14
T ex tb o o k  Group 
. 1 6  . 1 0
<n = 
. 2 4
31 )
. 1 1 . 2 1
TOLT .0 6 .0 6  . 1 3 . 13 .3 9 . 13
CTBS .0 7
C o n t r o l  Group 
. 2 6  . 1 3
( = : 
. 0 3
30)
. 2 1 . 2 9
TOLT . 0 8 .0 7  .0 7 . 0 1 . 14 .0 7
M o te . RSD = R o b u s tn e s s  S em a n tic  D i f f e r e n t i a l ;  RSD1 
= m a th e m a t ic s ;  RSD2 = c o m p u te r;  RSD3 = m a th e m a t ic s  
a c t i v i t i e s . ;  RSD4 = m a th e m a tic s  a c t i v i t i e s  w i t h  th e  
com puter; RSD5 = i n t e r a c t i o n  w i th  t h e  t e a c h e r ;  RSD -  
i n t e r a c t i o n  w i t h  t h e  co m p u te r;  CTBS = C o m p reh en s ive  T e s t  
of B a s ic  S k i l l s ;  TOLT = T e s t  o f  L o g ic a l  T h in k in g .
er-
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t h e  t h r e e  m a t h e m a t i c s - r e l a t e d  RSD c o n c e p ts  (m a th e m a t ic s  
t e a c h e r ,  m a th e m a t ic s  a c t i v i t i e s ,  and i n t e r a c t i o n  w i t h  th e  
m a th e m a tic s  t e a c h e r )  and t h r e e  computer— r e l a t e d  RSD 
c o n c e p ts  (c o m p u te r ,  m a th e m a tic s  a c t i v i t i e s  w i t h  th e  
c o m p u te r ,  and i n t e r a c t i o n  w i t h  t h e  c o m p u te r ) .  The RSD 
s u b s c a le - 1  (RBDS-1) r e p r e s e n t s  t h e  sum o f  RSD1, RSD3, and 
RSD5 c o n c e p t s c o r e s .  The RSD s u b s c a le - 2  (RSDS-2) 
r e p r e s e n t s  t h e  sum o f  RSD2, RSD4, and RSD6  co n ce p t s c o r e s .  
T a b le  17 p r e s e n t s  t h e  means and s ta n d a r d  d e v i a t i o n s  o-f 
each RSD s u b s c a le  by t r e a t m e n t  g ro u p .
The s t r u c t u r e  o f  th e s e  RSD s u b s c a le s  i s  s u p p o rte d  by 
t h e  f i n d i n g s  o f  a f a c t o r  a n a l y s i s  o f  t h e  p r e - t r e a t m e n t  RSD 
s c o r e s .  U s in g  s t u d e n t s '  t o t a l  s c o r e s  f o r  each RSD 
c o n c e p ts  as  t h e  u n i t s  o f  a n a l y s i s ,  a  f a c t o r  a n a l y s is  o f  
t h e  p r e - t r e a t m e n t  RSD d a t a  was em p lo yed . The f a c t o r  
a n a l y s is  was an u n c o n s t r a in e d  v a r im a x  s o l u t i o n  w i th  
o r th o g o n a l  r o t a t i o n  and u n i t y  ( 1 . 0 ) as t h e  e s t im a t e  o f  
c o m m u n a l i ty .  In  t h i s  a n a l y s i s ,  s i x  f a c t o r s  were  
i d e n t i f i e d  in  t h e  u n r o t a t e d  f a c t o r  s o l u t i o n  w i th  two  
s t r o n g  f a c t o r s  w h ich  t o g e t h e r  a c c o u n te d  f o r  71 p e r c e n t  o f  
t h e  t o t a l  v a r i a n c e  e x p la in e d  by t h e  s o l u t i o n .  These  two  
components had e ig e n v a lu e s  2 .8 7 6 0 7 0  and 1 .3 7 7 5 7 S .  Two 
com ponents w ere  r e t a i n e d  on t h e  b a s is  o f  t h e  
e i g e n v a l u e s - g r e a t e r - t h a n - o n e  r u l e ,  s in c e  t h e  t h i r d  
e ig e n v a lu e  was o n l y  0 .4 4 8 1 4 .  In  t h e  r o t a t e d  f a c t o r  
s o l u t i o n ,  t h e s e  tw o f a c t o r s  had r o t a t e d  e ig e n v a lu e s
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T a b le  17
Msan_RBD_Bybscal e _ S c o re s _ b y _ T r  eatment._GrguE
RBD S u b s c a le
T re a tm e n t  n 1 O
Computer 2B
53 8 6 . 17 1 2 7 .3 9
§D 23, 14 17. 11
5 7 .  45 84 „ 50
T e x tb o o k  33
U 8 3 . 4 5 1 1 2 6 .3 5
BD 2 7 .  45 2 1 .7 5
5 5 . 6 3 8 4 .4 2
C o n t r o l  28
!3 8 8 . 6 3 1 2 3 .6 3
SD 1 7 .0 0 1 8 .9 7
X_Maxt 5 9 . 0 9 8 2 .4 2
M o te . RBD = R obustness  S e m a n t ic  Di-f-f e r e n t i a l  5 RSD
S u b s c a le -1  = RBD1 + RSD3 + RBD5; RBD B u b s c a le -2  = RSD2 + 
RSD4 + RSD6 . Maximum P o s s ib le  S c a re  = 150 . 7. Max. ~ M /
Maximum P a s s i b le  S c a re .
BP"
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2 .2 1 4 7 0 8  and 2 .0 3 8 9 4 1 .  The - f i r s t  component had l a r g e  
p o s i t i v e  lo a d in g s  -for t h r e e  RSD c o n c e p ts  (RSD2, RSD4 and  
RSD6 ) . The second component had l a r g e  lo a d in g s  f o r  t h e  
o t h e r  t h r e e  RSD c o n c e p ts ,  w i t h  an e s p e c i a l l y  h ig h  
c o r r e l a t i o n  f o r  RSD3. The f i n a l  c o m m o n a lity  e s t im a t e s  
show t h a t  a l l  t h e  RSD c o n c e p ts  a r e  w e l l  a cc o u n te d  f o r  by  
t h e  two c om ponents , w i t h  f i n a l  c o m m u n a lity  e s t im a t e s  
ra n g in g  fro m  0 .7 5 2 2 9 3  t o  0 .8 3 5 8 6 2  and a f i n a l  c o m m u n a li ty  
e s t im a t e  t o t a l  o f  4 .5 5 4 1 4 9 .  T a b le  18 p r e s e n ts  t h e  r o t a t e d  
f a c t o r  p a t t e r n  f o r  t h e  RSD c o n c e p t  s c o r e s  and f i n a l  
c o m m u n a lity  e s t im a t e s .
C o r r e l a t i o n  Between CTBS and TDLT S c o re s  and RSD 
S u b s c a le  S c o r e s . These s u p p le m e n ta l  a n a ly s e s  were  
based on t h e  P ea rso n  r  c o e f f i c i e n t s  f o r  th e  c o r r e l a t i o n  
betw een t r e a t m e n t  g ro u p s  CTBS and TOLT s c o re s  and t h e i r  
RSD s u b s c a le  s c o r e s .  T a b le  19 p r e s e n t s  th e  c o r r e l a t i o n  
between CTBS and TOLT s c a r e s  and RSD s u b s c a le  s c o re s  by  
t r e a t m e n t  g ro u p  (c o m p u te r ,  t e x t b o o k ,  and c o n t r o l >. The  
c o r r e l a t i o n s  ra n g e d  fro m  v e r y  low  ( r  = . 0 9 )  t o  
m o d era te  <r = . 3 4 )  in  m a g n itu d e  and w ere  p o s i t i v e  in  
d i r e c t i o n .  T h ese  c o r r e l a t i o n s  w ere  n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  The h ig h e s t  c o r r e l a t i o n  was betw een  CTBS and 
RSDS-2 s c o r e s  <r = . 3 4 ) .
In  g e n e r a l ,  t h e  c o r r e l a t i o n  b e tw een  t h e  t e x tb o o k  
group s t u d e n t s '  CTBS and TOLT s c o r e s  and t h e i r  RSD
BP~
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Table 18
5 'o ta te d _ F a c tg r_ P a t te rn _ L g a d i .n g _ fg r_ R S D _ C o Q c e E ts _ a n d _ F i  nal  
C g m m u n a l i t^ _ E s t im a te
Concept F a c t o r  1 F a c t o r  2 FCE
RSD1 . 129S4 .8 2 3 3 6 .6 9 8 7 7 6
RSD2 .8 5 4 2 0 .0 6 4 1 3 .7 3 3 7 6 5
R8D3 .0 8 1 2 5 .8 8 2 6 7 .7 8 5 7 1 3
RSD4 „89074 .2 0 5 1 4 .8 3 5 8 6 2
RSD5 .2 3 9 3 6 .7 0 2 8 2 .7 5 1 2 4 3
RSD6 . 7 8 1 3 6 .2 0 4 3 6 .7 5 2 2 9 0
N o te .  RSD ••= R o b u s tn e ss  S em antic  D i f f e r e n t i a l ; RSD1
=•• m athem atics;; RBD2 = com puter; R8D3 -  m a th e m a t ic s  
a c t i v i t i e s ;  RSD4 = m a th e m atic s  a c t i v i t i e s  w i t h  th e  
c o m p u te r;  RSD5 ~ i n t e r a c t i o n  w i t h  t h e  t e a c h e r ;  RSD6  ~ 
i n t e r a c t i o n  w i t h  t h e  com puter; FCE = F i n a l  C om m unality  
E s t i  m ate .
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Table 19
Pear § o n _ r _ in t  e r e  o r  re l_ a t i .o n _ B e t ween _CTBS_and_TQLT_RSD  
Sub.scal.e_Scgres
RSD
In s t r u m e n t 1 2
CTBS
C om puter Group (n -  2 8 )  
. 09 . 3 4
TOL.T . 15 . 09
CTBS
T e x tb o o k  Group (n_ = 3 1 )  
, 06 . 18
TOLT . 0 4 . 15
CTBS
C o n t r o l  Group (n -  3 0 )  
. 15 .0 4
TOLT .0 8 .3 9
CTBS
T o t a l  Sam ple (n. = 8 9 )  
. 0 6 ■ 16
TOLT . 0 9 . 19
N a t e . RSD = R o b u s tn e s s  S e m a n t ic  D i f f e r e n t i a l ;  CTBS 
= C om p re h en s ive  T e s t  o-f B a s ic  S k i l l s ;  TOLT -  T e s t  of 
L o g ic a l  T h in k in g ;  RSD S u b s c a le -1  = RSD1 + RSD3 + RSD5; 
RSD S u b s c a le - 2  = RSD2 + RSD4 + RSD6 .
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s u b s c a le  s c o r e s  was lo w . The h ig h e s t  c o r r e l a t i o n  was 
betw een t h e  CTBS and RSDS-2 s c o re s  w i t h  r  = . 1 8 .  The 
c o r r e l a t i o n s  b e tw een  t h e  c o n t r o l  g roup  s t u d e n t s '  CTBS and 
TOLT s c o r e s  and t h e i r  RSD s u b s c a le  s c o r e s  ra n g e d  -form low  
( r  = . 0 4 )  t o  m o d e ra te  ( r  = .3 9 )  in  m a g n itu d e  
and w ere  p o s i t i v e  in  d i r e c t i o n .  The h i g h e s t  c o r r e l a t i o n  
was be tw een  TOLT and RSDS-2 s c o r e s ,  w i t h  r  = . 3 9  and g < 
. 0 3 3 6 .
T a b le  20  p r e s e n t s  th e  Pearson r  c o r r e l a t i o n  
c o e f f i c i e n t  be tw een  t h e  p o s t t e s t  and r e t e n t i o n  t e s t  s c o re s  
and RSD s u b s c a le  s c o r e s  by t r e a t m e n t  g ro u p .  In  g e n e r a l ,  
th e s e  c o r r e l a t i o n s  w ere  m oderate  i n  m a g n itu d e  and p o s i t i v e  
in  d i r e c t i o n  f o r  t h e  d i f f e r e n t  t r e a t m e n t  g ro u p s .  There  
were f i v e  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n s .  The 
h ig h e s t  c o r r e l a t i o n  was between t h e  t e x t b o o k  group  
s t u d e n t s '  r e t e n t i o n  t e s t  s c o re s  and t h e i r  RSDS-l sc o re s  
( r  = . 4 6 ,  g < . 0 0 8 5 ) .  The lo w e s t  c o r r e l a t i o n  was 
betw een  t h e  c o n t r o l  g roup s t u d e n t s '  p o s t t e s t  s c o re s  and 
t h e i r  R S D S -l s c o r e s .
M y i t i E i § _ E § 9 c § n i s Q §
M u l t i p l e  r e g r e s s io n  a n a ly s e s  w ere  c o m p le te d  by 
r e g r e s s in g  t h e  d e p en d en t v a r i a b l e s  ( s t u d e n t s '  p o s t t e s t  and 
r e t e n t i o n  t e s t  s c o r e s )  on t h e  s e t  o f  in d e p e n d e n t  v a r i a b l e s  
(TDTL, CTBS, and RSD s u b s c a le s )  f o r  each  t r e a t m e n t  group  
and f o r  t h e  t o t a l  s am p le . These a n a ly s e s  w ere  employed t o
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
148
T a b le  20
E S lC § 2 Q_C_ESCC.liL§£i2 D_§®fcwS2 D_E2 s t t e s t _ a n d _ R g t e n t  i_on_Test 
S co re s _a n d _ R S D _ S u b sc a le _ S c g re s
UCVI
In s t r u m e n t P o s t t e s t F le te n t io n  T e s t
C E r E
Computer Group <n = 2 8 )
RSDS-1 .3 3  .0 8 7 2 . 3 0 .1 1 8 8
RSDS-2 .3 8  . 0 4 5 6 * -4 5 . 0 1 4 9 *
T e x tb o o k  Group (Q. *  3 1 )
RSDS-l .3 1  ,.0878 .4 6 . 0 0 8 5 *
RSDS-2 .3 8  . 0 3 2 4 * .4 3 - 0 1 3 6 *
C o n t r o l  Group <n = 3 0 )
RSDS-l . 2 6  -1 5 7 5 .. 27 .2 7 4 1
RSDS-2 . 34- . 0585 ■ .0 6 9 8
T o t a l  Sample <n = 89 )
RSDS-l . 2 7  .0 1 0 4 .3 2 . 0 0 2 5 * *
RSDS-2 .3 7  . 0 0 0 3 * * * . 3 8 . 0 0 0 2 * * *
*  E, < -0 5 -  * *  a  < . 0 1 . * * *  a  < . 0 0 1 .
N o te .  RSD - R o b u s tn e s s  S em an tic Di-f f  e r e n t i  a l ; RSD
S u b s c a le - -1 = RSD1 '+ RSD3 -I- RSDS 5 RSD S u b s c a le - 2  = RSD2 +
RSD4 + RSD6 ; UCVI = Und. o-f t h e C o n cep t o-f- V a r i a b l e  I n s t
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e x p lo r e  w h e th e r  v a r i o u s  c o m b in a t io n s  o f  in d e p e n d e n t  
v a r i a b l e s  w ould  a c c o u n t  f o r  s i g n i f i c a n t  amounts o f  
v a r ia n c e  in  t h e  d e p e n d e n t v a r i a b l e s .  Of t h e  v a r i e t y  o f  
m u l t i p l e  r e g r e s s io n  p r o c e d u re s  a v a i l a b l e ,  th e  Maximum 
R -S q u a re  p r o c e d u r e  was used (SAS I n s t i t u t e ,  1 9 8 5 ) .  ' T h is  
p ro c e d u re  b u i l d s  a s e r i e s  o f  r e g r e s s io n  m odels  a t  each  
s te p  in  th e  a n a l y s i s  o f  v a r i o u s  c o m b in a t io n s  o f  th e  
in d e p e n d e n t  v a r i a b l e s .  I t  t r i e s  t o  f i n d  t h e  b e s t  
o n e - v a r i a b l e  m o d e l ,  t h e  b e s t  t w o - v a r i a b l e  m o d e l,  and so  
f o r t h .
P o s t t e s t  S c o re s  as  t h e  Dependent V a r i a b l e . The  
f i r s t  a n a l y s i s  was c o m p le te d  f o r ' t h e  s e t  o f  in d e p e n d e n t  
v a r i a b l e s  (TOLT, CTBS, R S D S - l ,  and RSDS-2) u s in g  com puter  
group s t u d e n t s '  UCVI p o s t t e s t  s c o re s  as t h e  d e p en d e n t  
v a r i a b l e .  T a b le  21 c o n t a in s  t h e  r e s u l t s  o f  t h e  a n a l y s i s .  
The f i r s t  v a r i a b l e  t o  e n t e r  t h e  r e g r e s s io n  e q u a t io n  
( h ig h e s t  s i n g l e  c o r r e l a t e  w i t h  th e  d e p en d en t v a r i a b l e )  was 
s c o re s  on t h e  TOLT. T h is  v a r i a b l e  a cc o u n te d  f o r  3 6 . 5  
p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n  betw een com puter  group  
s t u d e n t s '  p o s t t e s t  s c o r e s .  A b e s t  t w o - v a r i a b l e  model was 
r e p r e s e n te d  by t h e  c o m b in a t io n  o f  s c o re s  on t h e  TOLT w i t h  
CTBS s c o r e s .  T h i s  t w o - v a r i a b l e  model a cc o u n te d  f o r  5 3 . 4  
p e r c e n t  o f  t h e  t o t a l  v a r i a n c e  f o r  t h e  t o t a l  UCVI 
v a r i a t i o n .  The r e s u l t s  in  T a b le  21 a ls o  show t h e  b e s t  
t h r e e -  and four— v a r i a b l e  model i n  th e  a n a l y s i s .  The b e s t  
f o u r - v a r i a b l e  model a c c o u n te d  f o r  6 1 . 2  p e r c e n t  o f  UCVI
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Table 21
Summary_gi_M£lii!]QyfD_Bz§9 y £ £ § _ y u l  t iQ l .e _ R e g r e § 5 i on_gf.
Computer Group P o s t t e s t  S c o re s .o n  f t l l  In d e p e nde n t  
V a r ia b l .e s
Step V a r i a b l e s  i n  Model R» A r ® F P
1 TOLT 1 4 .9 5 .0 0 0 7
TOLT, CTBS .5 3 4 . 169 1 4 .3 6 . 0 0 0 1
TOLT, CTBS, RSDS-l .5 8 4 .0 5 0 1 1 .2 6 . 0 0 0 1
4 TOLT, CTBS, 
RSDS-2
R SD S-l .6 1 2 .0 2 8 9 . 0 7 . 0 0 0 2
N o t e . RSD == R o b u s tn e s s  S e m a n tic  D i f f e r e n t i a l ;  RSD 
S u b s c a le -1  = RSD1 + RSD3 + RSD5; RSD S u b s c a le - 2  ~ RSD2 + 
RSD4 + RSD6 ; TOLT = T e s t  o-f L o g ic a l  T h in k in g ;  CTBS = 
Comprehensive’ T e s t  o f  E)asic S k i l l s  ; A r *  = P e rc e n ta g e  
change in  Ra a t  each  s te p  o f  t h e  a n a l y s i s .
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v a r i a t i o n .
The r e s u l t s  o-f t h i s  a n a l y s i s  show t h a t  TOLT, among 
t h e  in d e p e n d e n t  v a r i a b l e  s e t ,  i s  t h e  most im p o r t a n t  
p r e d i c t o r  v a r i a b l e  e x p l a i n i n g  v a r i a t i o n  in  t h e  com puter  
group  s t u d e n t s '  UCVI s c o r e s .  T h u s , TOLT i s  t h e  more 
p o t e n t  p r e d i c t o r  o-f com puter group s t u d e n t s '  p e r fo rm a n c e  
in  t h e  UCVI a f t e r  t h e  t r e a t m e n t  th a n  e i t h e r  t h e  CTBS o r  
RBD s u b s c a le s .
The second r e g r e s s io n  a n a l y s is  was c o m p le te d  f o r  th e  
s e t  o f  in d e p e n d e n t  v a r i a b l e  u s in g  t e x tb o o k  g ro u p  s t u d e n t s '  
p o s t t e s t  s c a r e s  as  t h e  d epen dent v a r i a b l e .  T a b le  22  
c o n t a i n s  t h e  r e s u l t s  o f  th e  a n a l y s i s .  The f i r s t  v a r i a b l e  
t o  e n t e r  t h e  r e g r e s s io n  e q u a t io n  was R S D S - l .  T h is  
v a r i a b l e  a c c o u n te d  f o r  1 5 .3  p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n  
be tw een  t e x t b o o k  g roup  s t u d e n t s '  p o s t t e s t  s c o r e s .  A b e s t  
t w o - v a r i a b l e  model was r e p r e s e n te d  by t h e  c o m b in a t io n  o f  
R S D S -l w i t h  TOLT. T h is  t w o - v a r i a b l e  model a c c o u n te d  f o r
2 5 . 2  p e r c e n t  o f  t h e  p o s t t e s t  t o t a l  v a r i a t i o n .  The b e s t  
f o u r - v a r i a b l e  model a c c o u n te d  f o r  3 1 . 3  p e r c e n t  o f  t h e  
t o t a l  v a r i a t i o n .
The r e s u l t s  o f  t h i s  a n a l y s is  show t h a t  R S D S - l ,  among 
t h e  in d e p e n d e n t  v a r i a b l e  s e t ,  i s  th e  most im p o r t a n t  
v a r i a b l e  e x p l a i n i n g  v a r i a t i o n  i n  t h e  t e x t b o o k  group  
s t u d e n t s '  p o s t t e s t  s c o r e s .  Thus , R SD S-l i s  t h e  more  
p o t e n t  p r e d i c t o r  o f  te x tb o o k  g roup  s t u d e n t s '  p e r fo rm a n c e  
in  t h e  UCVI g iv e n  as a p o s t t e s t  th a n  t h e  o t h e r  in d e p e n d e n t
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Table 22
Summary o-f Max imum. R -S q u a r e _ M u lt ip l .e  R e g r e s s io n _of 
Tg-itb  gok_Grgug[_PDst t e s t  _ S c o re s _ o n _ A ll ._  In d e p e n d e n t  
V a r i a b l e s
S tep V a r i a b l e s  i n  Model R 2 F P
1 RSDS-l . 153 5 . 0 5 . 0324
R S D S - l , TOLT m i i L j A . . 1 0 0 4 . 7 7 .0 1 6 5
3 R S D S - l , TOLT, CTBS .2 8 8 .0 3 0 3 . 5 8 .0 2 6 8
4 RSDS-.1 , 
RSDS-2
TOLT, CTBS .3 1 3 .0 3 0 2 .9 1 .0 4 0 8
N a t e . RSD = R o b u s tn e s s  S e m a n tic  D i f f e r e n t i a l ;  RSD 
S u b s c a le -1  = RSD1 + RSD3 + RSD5; RSD S u b s c a le - 2  *  RSD2 + 
RSD4 + RSD6 ; TOLT = T e s t  o f  L o g ic a l  T h in k in g ;  CTBS = 
C om prehensive  T e s t  o f  B a s ic  S k i l l s ;  A r *  = P e r c e n ta g e  
change in  Rz  a t  each  s te p  i n  t h e  a n a l y s i s .
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v a r i a b l e s  in c lu d e d  in  t h e  s tu d y .
The t h i r d  r e g r e s s io n  a n a l y s i s  was c o m p le te d  -for t h e  
s e t  o f  in d e p e n d e n t  v a r i a b l e  u s in g  c o n t r o l  g ro u p  s t u d e n t s '  
p o s t t e s t  s c o re s  as  t h e  d ep en d en t v a r i a b l e .  T a b le  23  
c o n t a in s  t h e  r e s u l t s  o f  t h e  a n a l y s i s .  The f i r s t  v a r i a b l e  
t o  e n t e r  t h e  r e g r e s s io n  e q u a t io n  was CTBS. T h i s  v a r i a b l e  
a cc o u n te d  f o r  4 9 . 7  p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n  betw een  
c o n t r o l  group s t u d e n t s '  p o s t t e s t  s c o r e s .  A b e s t  
t w o - v a r i a b l e  model was r e p r e s e n t e d  by t h e  c o m b in a t io n  o f  
CTBS w i th 'R S D S -2 .  T h is  t w o - v a r i a b l e  model a c c o u n te d  f o r  
60 p e r c e n t  o f  t h e  p o s t t e s t  t o t a l  v a r i a t i o n .  The b e s t  
f o u r - v a r i a b l e  model a cc o u n te d  f o r  6 2 . 9  p e r c e n t  o f  t h e  
p o s t e s t  t o t a l  v a r i a t i o n .
The r e s u l t s  o f  t h i s  a n a l y s i s  show t h a t  CTBS, among 
th e  in d e p e n d e n t  v a r i a b l e  s e t ,  i s  t h e  most im p o r t a n t  
v a r i a b l e  e x p l a i n i n g  v a r i a t i o n  i n  t h e  c o n t r o l  g roup  
s t u d e n t s '  p o s t t e s t  s c o r e s .  T h u s , CTBS i s  t h e  more p o t e n t  
p r e d i c t o r  o f  c o n t r o l  g roup s t u d e n t s '  p e r fo rm a n c e  in  t h e  
UCVI g iv e n  as  a p o s t t e s t  th a n  t h e  o t h e r  in d e p e n d e n t  
v a r i a b l e s  in c lu d e d  i n  t h e  s tu d y .
The n e x t  r e g r e s s io n  a n a l y s i s  was c o m p le te d  f o r  t h e  
s e t  o f  in d e p e n d e n t  v a r i a b l e  u s in g  a l l  s t u d e n t s '  (n =
89) p o s t t e s t  s c o r e s  as  th e  d ep en d en t v a r i a b l e .  T a b le  24  
c o n t a in s  t h e  r e s u l t s  o f  t h e  a n a l y s i s .  The f i r s t  v a r i a b l e  
t o  e n t e r  t h e  r e g r e s s io n  e q u a t io n  was CTBS, w h ich  a c c o u n te d  
f o r  2 4 . 7  p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n  be tw een  s t u d e n t s '
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Table 23
S u m m ary_g £_M aM im u m _R -S g u are_ !ju lt i£ le_R eg ress i g n _ g f_ C g n t r g l  
G rg u B _ P g s t te s t_ S c g re s _ g n _ A l  l,_£ndegenden t _ V a r i a b l .e s
S tep V a r i a b l e s  i n  Model R5Z A r = F P
1 CTBS .4 9 7 2 7 . 6 8 . 0 0 0 1
2 CTBS, RSDS-2 .6 0 0 .2 0 3 2 0 . 2 3 . 0 0 0 1
CTBS, R SD S-2 , TOLT .6 1 7 .0 1 7 1 3 .9 4 . 0 0 0 1
4 CTBS, R SD S-2 , TOLT 
RSD S-l
.6 2 9 . 0 1 2 1 0 .5 8 . 0 0 0 1
N o te .  RSD = R o b u s tn ess  S em antic  D i f f e r e n t i a l ;  RSD 
S u b s c a le ~ l  = RSD1 + RSD3 + RSD5; RSD S u b s c a le - 2  = RSD2 + 
RSD4 + R5D6; TOLT = T e s t  o f  L o g ic a l  T h in k in g ;  CTBS = 
C om prehensive  T e s t  o f  Eiasic S k i l l s  ; A r 58 =  P e r c e n ta g e  
change i n  R52 a t  each s te p  in  th e  a n a l y s i s .
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Summary o-f Maximum R -5 q u a r e  Mu l t i p l e  R e g r e s s io n  o-f A l l  
S tu d e n ts  * P o s t t e s t  S c o re s  on Al l  In d e p e n d e n t  V a r i a b le s
S te p V a r i a b l e s  i n  Model R * A r= F P
1 CTBS ..247 2 8 .5 9 . 0 0 0 1
r? CTBS, RSDS-2 . 3 4 5 .0 9 8 2 2 .6 3 . 0 0 0 1
3 CTBS, R S D S -2 , TOLT .3 8 9 .0 4 4 1 8 .0 5 . 0 0 0 1
4 CTBS, R S D S -2 , TOLT 
R SD S-l
.4 1 2 . 0 1 2 1 4 .7 5 . 0 0 0 1
N o t e . RSD = R o b u s tn e s s  S e m a n tic  D i f f e r e n t i a l ;  RSD
S u b s c a le -1  = RSD1 + RSD3 + RSD5; RSD S u b s c a le - 2  = RSD2 + 
RSD4 + RSD6 ; TOLT = T e s t  o f  L o g ic a l  T h i n k in g ;  CTBS = 
C o m p reh en s ive  T e s t  o f  B a s ic  S k i l l s ;  A r 5* = P e rc e n ta g e  
change i n  R® a t  each s te p  in  t h e  a n a l y s i s .
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p o s t t e s t  s c o r e s .  fit b e s t  t w o - v a r i a b l e  model was 
r e p r e s e n t e d  by t h e  c o m b in a t io n  a *  CTBS w i t h  RSDS-2. T h is  
t w o - v a r i a b l e  model a cc o u n te d  -for 3 4 . 5  p e r c e n t  o f  th e  
p o s t t e s t  t o t a l  v a r i a t i o n .  The b e s t  f o u r - v a r i a b l e  model 
a cco u n ted  f o r  4 1 . 2  p e r c e n t  o f  t h e  t o t a l  p o s t t e s t  
v a r i  a t i  o n .
The r e s u l t s  o f  t h i s  a n a l y s is  show t h a t  CTBS, among 
th e  in d e p e n d e n t  v a r i a b l e  s e t ,  i s  t h e  most im p o r ta n t  
v a r i a b l e  e x p l a i n i n g  v a r i a t i o n  in  t h e  s t u d e n t s '  p o s t t e s t  
s c o r e s .  T h u s , CTBS i s  t h e  more p o t e n t  p r e d i c t o r  of  
s t u d e n t s '  p e r fo rm a n c e  i n  t h e  UCVI g iv e n  as  a p o s t t e s t  th a n  
t h e  o t h e r  in d e p e n d e n t  v a r i a b l e s  in c lu d e d  in  t h e  s tu d y .  I t  
i s  i n t e r e s t i n g  t o  n o te  t h a t  s t u d e n t s '  p e r c e p t i o n  o f t h e  
r o b u s tn e s s  o f  t h e  c o m p u t e r - r e la t e d  e n v iro n m e n t  was t h e  
second in d e p e n d e n t  v a r i a b l e  t o  e n t e r  t h e  r e g r e s s io n  
e q u a t i o n ,  even b e f o r e  TOLT which i s  c o n s id e r e d  an 
im p o r t a n t  p r e d i c t o r  o f  s t u d e n t s '  l e a r n i n g .
B § £ lQ £ i 2 Q _I§ §£_ : 2 £ 2 r.s§_§§_fefa§_E!eE>endent 
V a r i a b l e . A f i f t h  e x p l o r a t o r y  r e g r e s s io n  a n a l y s is  
was c o m p le te d  f o r  t h e  in d e p e n d e n t  v a r i a b l e  s e t  u s in g  
com puter g roup  s t u d e n t s '  r e t e n t i o n  t e s t  s c o r e s  as t h e  
d ep en d en t v a r i a b l e .  The r e s u l t s  o f  t h e  f i f t h  r e g r e s s io n  
a n a l y s i s  a r e  p r e s e n te d  i n  T a b le  2 5 .  The f i r s t  v a r i a b l e  t o  
e n t e r  t h e  r e g r e s s io n  was th e  CTBS. T h is  v a r i a b l e  e x p l a i n s  
3 7 . 7  p e r c e n t  o f  t h e  t o t a l  v a r i a n c e  i n  t h e  com puter g ro u p
s r
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Table 25
Summary_gi_MaKimum_R-Bguare_MultiBil.e_Regression_gf 
Comgut er_Gr gu.B5_Reten tign _Xes t_Bc ar es_on_Al_ l._In dependent
V ari§b l_es
S tep V a r i a b l e s  in Model R* A R a F P
1 CTBS .3 7 7 1 5 .7 7 .0 0 0 5
O
jL. CTBS, TDLT .4 7 3 .0 9 6 1 4 .7 8 . 0003
3 CTBS, TOLT, RSDS-2 .5 4 8 . 0 7 5 8 .7 1 . 0 0 0 2
4 CTBS, 
RSDS-
TOLT,
1
RSDS-2 .5 7 4 .0 2 6 7 .7 6 . 0004-
N o t e . RBD = R o b u s tn ess  S e m a n t ic  D i f f e r e n t i a l ; RSD 
S u b s c a l e - 1 = RSD1 + RSD3 +• RBD5; RSD S u b s c a le - 2  = RSD2 + 
RSD4 + RSD6 ; TOLT = T e s t  o-f L o g ic a l  T h in k in g ;  CTBS = 
C o m p reh en s ive  T e s t  o f  B a s ic  S k i l l s ;  ^ R 32 = P e rc e n ta g e  
change i n  R* a t  each s te p  in  t h e  a n a l y s i s .
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r e t e n t i o n  t e s t  used as  th e  d e p en d en t v a r i a b l e .  The b e s t  
t w o - v a r i a b l e  r e g r e s s io n  model was CTBS and TDLT which  
acc o u n te d  -for 4 7 . 3  p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n .  The  
b e s t  t h r e e - v a r i a b l e  model acco u n ted  -for 5 4 . 8  p e r c e n t  o-f 
th e  v a r i a t i o n  in  t h e  com puter group r e t e n t i o n  t e s t  s c o re s  
and c o n s is t e d  o-f, in  o r d e r  o-f t h e i r  im p o r ta n c e ,  th e  
f o l l o w i n g  v a r i a b l e s :  CTBS, TOLT, R S D S -2 , and RSDS-1.
These r e s u l t s  s u g g e s t  t h a t  CTBS i s  t h e  most p o te n t  
p r e d i c t o r  o f  the? com puter group p e r fo rm a n c e  in  th e  
r e t e n t i o n  t e s t  th a n  t h e  o t h e r  v a r i a b l e s .
The f o l l o w i n g  r e g r e s s io n  a n a l y s i s  was c o m p le ted  f o r  
th e  s e t  o f  in d e p e n d e n t  v a r i a b l e s  u s in g  t e x tb o o k  group  
s t u d e n t s '  r e t e n t i o n  t e s t  s c o re s  as t h e  d e p en d en t v a r i a b l e .  
T a b le  26  c o n t a i n s  t h e  r e s u l t s  o f  t h e  a n a l y s i s .  The f i r s t  
v a r i a b l e  t o  e n t e r  t h e  r e g r e s s io n  e q u a t io n  was RSDS-1,  
which a c c o u n te d  f o r  2 1 . 5  p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n  
betw een t e x t b o o k  g roup  s t u d e n t s '  r e t e n t i o n  t e s t  s c o r e s .  A 
b e s t  t w o - v a r i a b l e  model was r e p r e s e n t e d  by t h e  c o m b in a t io n  
o f RSDS-1 w i t h  CTBS. T h is  t w o - v a r i a b l e  model acco u n ted  
f o r  3 7 . 7  p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n .  The b e s t  
■font— v a r i a b l e  model a cc o u n te d  f o r  4 3 . 2  p e r c e n t  o f  th e  
t o t a l  v a r i a t i o n .
The r e s u l t s  o f  t h i s  a n a l y s i s  show t h a t  RSDS-1, among 
t h e  in d e p e n d e n t  v a r i a b l e  s e t ,  i s  t h e  most im p o r t a n t  
v a r i a b l e  e x p l a i n i n g  v a r i a t i o n  in  t h e  te x t b o o k  group  
s t u d e n t s '  r e t e n t i o n  t e s t  s c o r e s .  T h u s ,  RSDS-1 i s  t h e  most
ET"*
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Table 26
Summar¥_o£_MaKimum_R-Sguari_Mul.t i^le_Reqression_g£
X§!it;fe2 2 l;_Gc.gugs'_Rgtenti on _ Ie s t _ S c  or eg_gn_Al.l,_I.n d e fe n d  e n t  
V a r ia b l .e s
S tep V a r i a b l e s  i n  Model R* A r * F P
1 RSDS-1 .2 1 5 7 .9 7 .0 0 8 5
R S D S -1 , CTBS .3 7 7 . 162 8 . 4 8 .0 0 1 3
3 R S D S -1 , CTBS, TOLT .4 2 7 . 150 6 . 7 2 .0 0 1 6
4 R S D S -1 , 
RSDS-2
CTBS, TOLT .4 3 2 .0 0 5 4 . 8 5 .0 0 4 2
M o te . RBD -  R o b u stn ess  S em a n tic  D i f f e r e n t i a l  5 RSD 
S u b s c a l e - 1 = RSD1 + RSD3 + RSD5; RSD S u b s c a le - 2  = RSD2 + 
RSD4 + RSD6 ; TOLT = T e s t  o f  L o g ic a l  T h in k in g ;  CTBS = 
C o m p reh en s ive  T e s t  o f  B a s ic  S k i l l s ;  = P e r c e n ta g e
change in  R35 a t  each s te p  in  t h e  a n a l y s i s .
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Table 27
Summary o f  „Mas<i mum„R;-Square^Mul t ip ,  le ^ R e q r  ess  io n  _ o f^ C o n t r o l  
Group R e t e n t io n  T e s t ,  S co re s  on ftl 1 mi In d e p end e n t . . .V a r iabl.es
Step V a r i a b l e s  in Model R® F P
1 CTBS .4 6 3 2 4 . 3 5 . 0 0 0 1
CTBS, RSDS-2 .5 5 4 . 1 1 1 17. 17 . 0 0 0 1
3 CTBS, RSDS-2 , TOLT .5 9 6 .0 4 2 1 2 .7 9 . 0 0 0 1
4 CTBS, 
RSDS-
RSDS-2
1
, TOLT .6 1 5 .0 2 9 9 . 9 5 . 0 0 0 1
N o te .  RSD = R o b u s tn e s s  Semantic: D i f f e r e n t i a l  5 RSD 
S u b s c a le -1  = RSD1 + RSD3 + RSD5; RSD S u b s c a le - 2  = RSD2 + 
RSD4 + RSD6 ; TOLT = T e s t  o f  L o g ic a l  T h in k in g s  CTBS = 
C om prehens ive  T e s t  o f  B a s ic  S k i l l s ;  A RS* = P e rc e n ta g e  
change in  R® a t  each s te p  in  t h e  a n a l y s i s .
ET-
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p o t e n t  p r e d i c t o r  o-f t e x tb o o k  group p e r fo rm a n c e  i n  t h e  UCVI 
g iv e n  as a r e t e n t i o n  t e s t  th a n  th e  o th e r  in d e p e n d e n t  
v a r i a b l e s  in c lu d e d  in  t h e  s t u d y .
The s e v e n th  r e g r e s s io n  a n a l y s i s  was co m p le ted  f o r  t h e  s e t  
o f  in d e p e n d e n t  v a r i a b l e s  u s in g  c o n t r o l  group s tuden’t s '  
r e t e n t i o n  t e s t  s c o re s  as d e p en d en t v a r i a b l e .  T a b le  27  
c o n t a in s  t h e  r e s u l t s  o f  t h e  a n a l y s i s .  The f i r s t  v a r i a b l e  
t o  e n t e r  t h e  r e g r e s s io n  e q u a t io n  was CTBS. T h is  v a r i a b l e  
a cc o u n te d  f o r  4 6 . 3  p e r c e n t  o f  th e  t o t a l  v a r i a t i o n  betw een  
c o n t r o l  group s t u d e n t s '  r e t e n t i o n  t e s t  s c o r e s .  A b e s t  
t w o - v a r i a b l e  model was r e p r e s e n t e d  by t h e  c o m b in a t io n  o f  
CTBS w i th  RSDS-2. T h is  t w o - v a r i k b l e  model a c c o u n te d  f o r  
5 5 . 4  p e r c e n t  o f  t h e  t o t a l  v a r i a t i o n .  The b e s t  
f o u r - v a r i a b l e  model a c c o u n te d  f o r  6 1 . 5  p e r c e n t  o f  t h e  
t o t a l  v a r i a t i o n .
The r e s u l t s  o f  t h i s  a n a l y s i s  show t h a t  CTBS, among 
t h e  in d e p e n d e n t  v a r i a b l e  s e t ,  i s  t h e  most im p o r t a n t  
v a r i a b l e  e x p l a i n i n g  v a r i a t i o n  i n  t h e  c o n t r o l  group  
s t u d e n t s '  r e t e n t i o n  t e s t  s c o r e s .  Thus , CTBS i s  t h e  most 
p o t e n t  p r e d i c t o r  o f  c o n t r o l  group s t u d e n t s '  p e r fo rm a n c e  in  
t h e  UCVI g iv e n  as a r e t e n t i o n  t e s t  th a n  t h e  o t h e r  
in d e p e n d e n t  v a r i a b l e s  in c lu d e d  in  th e  s tu d y .
The f i n a l  r e g r e s s io n  a n a l y s i s  was c o m p le te d  f o r  t h e  
s e t  o f  in d e p e n d e n t  v a r i a b l e s  u s in g  a l l  s t u d e n t s '  (n  
= 89) r e t e n t i o n  t e s t  s c o r e s  as t h e  depen dent v a r i a b l e .  
T a b le  28 c o n t a in s  t h e  r e s u l t s  o f  th e  a n a l y s i s .  The f i r s t
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Table 28
Summgry_gi_Ma:iimum_R;-Sguare_Muiti Qle_ReqreBsi.on_gf_Al 1
ude n t  s_^_Ret en t  i_on _ ! § s  t  _Sc o r  es_gn_Al_l._ In d e p e n d e n t  
Var iabl_es
S tep V a r i a b 1es in Model R3 R3 F P
3. CTBS .2 4 6 2 8 .  1 1 . 0 0 0 1
CTBS, RSDS-2 .0 7 7 2 0 .6 1 . 0 0 0 1
CTBS, RSDS-2 , TOLT .3 5 1 . 0 2 8 1 5 .5 6 . 0 0 0 1
4 CTBS, 
RSDS-
RSDS-2
1
, TOLT .3 6 ? .0 1 8 1 6 .2 0 . 0 0 0 1
N o t e . RSD = R o b u s tn e s s  S em a n tic  D i f f e r e n t i a l  5 RSD 
S u b s c a l e - 1 = RSD1 + RSD3 + RSD5; RSD S u b s c a le - 2  = RSD2 + 
RSD4 -i- RSD6 ; TOLT = T e s t  o f  L o g ic a l  T h in k in g ;  CTBS = 
C om prehensive  T e s t  o f  B a s ic  S k i l l s ;  R3  = P e r c e n ta g e  
change in  R3  a t  each s t e p  i n  t h e  a n a l y s i s .
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v a r i a b l e  t o  e n t e r  t h e  r e g r e s s io n  e q u a t io n  was CTBS. T h is  
v a r i a b l e  a c c o u n te d  -for 2 4 . 6  p e r c e n t  o-f t h e  t o t a l  v a r i a t i o n  
between s t u d e n t s '  r e t e n t i o n  t e s t  s c o r e s .  A b e s t  
t w o - v a r ia b l e  model was r e p r e s e n te d  by t h e  c o m b in a t io n  o-f 
CTBS w ith  RSDS-2 . T h is  t w o - v a r i a b l e  model a c c o u n te d  -for
3 2 .3  p e rc e n t  o-f t h e  t o t a l  v a r i a t i o n .  The b e s t  
•four—v a r i a b l e  model a c c o u n te d  -for 3 6 . 9  p e r c e n t  o-f th e  
t o t a l  v a r i a t i o n .  The r e s u l t s  o-f t h i s  a n a l y s i s  show t h a t  
CTBS, among t h e  in d e p e n d e n t  v a r i a b l e  s e t ,  i s  t h e  most 
im p o r ta n t  v a r i a b l e  e x p l a i n i n g  v a r i a t i o n  in  s t u d e n t s '  
r e t e n t i o n  t e s t  s c o r e s .  T h u s , CTBS i s  t h e  most p o t e n t  
p r e d i c t o r  o-f s t u d e n t s '  p e r fo rm a n c e  in  t h e  UCVI g iv e n  as a 
r e t e n t i o n  t e s t  th a n  t h e  o t h e r  in d e p e n d e n t  v a r i a b l e s  
in c lu d e d  in  t h e  s tu d y .
B § I i§ k i i i£ y _ B Q § iY § § :§
U n d e rs ta n d in g  o f  t h e  C oncept o f  V a r i a b l e  I n s t r u m e n t . In  
th e  p re s e n t  s t u d y ,  t h e  Cronbach a lp h a  r e l i a b i l i t y  
c o e f f i c i e n t  was computed f o r  th e  c o n t r o l  g ro u p  s t u d e n t s '
(n = 30 ) UCVI p o s t t e s t  s c o r e s .  C o n t r o l  g roup  
s tu d e n ts '  s c o r e s  i n  t h e  p o s t t e s t  p r o v id e d  an u n b ia s e d  
e s t im a t e  o f  UCVI r e l i a b i l i t y ,  th e  c o f f i c i e n t  f o r  a l l  i te m s  
b e in g  .8 7 .
The UCVI in c lu d e d  32  i te m s  s co re d  d ic h o to m o u s ly .  For  
th e  com puter g r o u p ,  t h e  UCVI p o s t t e s t  s c o r e s  ra n g e d  from  4 
t o  26 . F o r  t h e  t e x t b o o k  g ro u p ,  th e  s c o r e s  ra n g e d  fro m  4
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t o  2 5 .  F o r  t h e  c o n t r o l  g r o u p ,  t h e  s c o r e s  ra n g e d  -from 2 t o  
18.
On t h e  r e t e n t i o n  t e s t ,  th e  UCVI s c o r e s  ra n g e d  -from 6  
t o  25 -for t h e  co m p u te r  g ro u p ,  -from 3  t o  21 f o r  t h e  
t e x tb o o k  g ro u p ,  and fro m  2 t o  17 f o r  t h e  c o n t r o l  g ro u p .
In  a d d i t i o n ,  t h e  P earso n  r  c o e f f i c i e n t  f o r  t h e  c o r r e l a t i o n  
b etw een  t h e  c o n t r o l  g ro u p  s t u d e n t s '  p o s t t e s t  and r e t e n t i o n  
t e s t  (g iv e n  t h r e e  weeks a f t e r  t r e a t m e n t )  s c o r e s  was 
c a l c u l a t e d  as  a m easure  o f  t h e  i n s t r u m e n t ' s  s t a b i l i t y .
The r e l a t i o n s h i p  be tw een  t h e  p o s t t e s t  and r e t e n t i o n  t e s t  
s c o re s  was s t r o n g  ( r  = . 8 2 ) ,  s t a t i s t i c a l l y  
s i g n i f i c a n t  (p. < . 0 0 0 1 ) ,  and p o s i t i v e  in  d i r e c t i o n .
T h is  s u g g e s ts  a h ig h  s t a b i l i t y  o f  t h e  UCVI s c o r e s  o v e r  
t i  me.
R o b u s tn e s s  S e m a n t ic  D i f f e r e n t i a l  C o n c e p ts . In  
t h e  p r e s e n t  s t u d y ,  Cronbach  a lp h a  c o e f f i c i e n t s  w ere  
c a l c u l a t e d  f o r  t h e  p r e - t r e a t m e n t  RSD s c a r e s  (n = 8 9 ) .  
R e l i a b i l i t y  d a t a  f o r  t h e  s ix  RSD c o n c e p ts  used i n  t h e  
s tu d y  can be  fo u n d  i n  T a b le  2 9 .  In  s c o r in g  RSD c o n c e p t  
s c o r e s ,  odd num bered i t e m s  were r e v e r s e d  s c o r e s  ( f ro m  0  t o  
5 ) .  The r e l i a b i l i t i e s  ra n g ed  fro m  . 8 3  t o  . 9 2 ,  w i t h  th e  
lo w e s t  r e l i a b i l i t y  b e in g  t h e  RSD c o n c e p t  " m a th e m a t ic s  
t e a c h e r "  (A lp h a  = . 8 3 )  and th e  h i g h e s t  b e in g  "m a th e m a t ic s  
l e a r n i n g  a c t i v i t i e s "  (A lp h a  = . 9 2 ) .
In  a d d i t i o n ,  t h e  P earso n  r  c o e f f i c i e n t  f o r  t h e  
c o r r e l a t i o n s  b e tw ee n  p r e - t r e a t m e n t  RSD and p o s t - t r e a t m e n t
BT-
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Table 29
Cronbach_Al_Bha_Rel.i^ab i . I i t ^ _ C o e f f  i c i _ e n t s _ f  or_thg_RSD  
C oncegts
RSD Concepts A lp h a R e l i a b i l i t y
M a th e m a tic s  te a c h e r .8 3
Computer . 9 0
M a th e m a tic s  l e a r n i n g a c t i  v i  t i  es .9 2
M a th e m a tic s  l e a r n i n g  
w i t h  th e  com puter
a c t i  v i  t i  es
.9 1
I n t e r a c t i o n  w i t h  t h e  
t e a c h e r
m a th e m a t ic s
. 8 8
I n t e r a c t i o n  w i t h  t h e com puter .9 1
N o te .  RSD = R o b u s tn ess  S e m a n tic  Di-f-f e r e n t i a l .
bt~ •
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RSD c o n c e p t  s c o re s  was c a l c u l a t e d  f o r  t h e  c o n t r o l  g roup  
s t u d e n t s .  The c o n t r o l  group  RSD s c o re s  p r o v id e d  an 
u n b ia s e d  e s t im a t e  o f  s c a l e  s t a b i l i t y .  The c o r r e l a t i o n  
betw een  s t u d e n t s '  s c o r e s  i n  t h e  p r e -  and p o s t - t r e a t m e n t  
RSD1 was . 7 8 ,  p r e -  and p o s t - t r e a t m e n t  RSD2 was . 8 2 ,  p r e -  
and p o s t - t r e a t m e n t  RSD3 was . 7 8 ,  p r e -  and p o s t - t r e a t m e n t  
RSD4 was . 8 8 , p r e -  and p o s t - t r e a t m e n t  RSD5 was . 8 2 ,  and 
p r e -  and p o s t - t r e a t m e n t  RSD6  was . 8 7 .  These r e s u l t s  
s u g g e s ts  th e  s t a b i l i t y  o f  t h e  RSD c o n c e p t  s c o r e s  o v e r  
t im e .
§ y 9 9 § s t e d _ M o d e l_ to _ in c r e a s e _ R -S g u a r e d
S u p p le m e n ta l  a n a ly s e s  w ere  employed t o  im p ro v e  t h e  
a p p r o p r ia t e n e s s  o f  m o d e ls  u s in g  t r e a t m e n t  as  t h e  main  
e f f e c t  and s t u d e n t s '  p o s t t e s t  and r e t e n t i o n  t e s t  s c o r e s  as  
d ep en d en t v a r i a b l e s  (s e e  Appendix. G) . T h is  model 
a cc o u n te d  f o r  . 0 9 3  o f  t h e  t o t a l  v a r i a t i o n  i n  p o s t t e s t  
s c o r e s  and .1 9 3  o f  t h e  t o t a l  v a r i a t i o n  i n  r e t e n t i o n  t e s t  
s c o r e s .  S e v e r a l  m ode ls  w ere  t r i e d  i n  an a t t e m p t  t o  
in c r e a s e  t h e  R -S q u a re d  v a lu e s .  School and sex  w e re  used  
as b lo c k in g  v a r i a b l e s ,  and s t u d e n t s '  TOLT, CTBS and RSD 
s c o re s  w ere  used as  c o v a r i a t e s .  The i n t e r a c t i o n s  b e tw een  
t h e s e  v a r i a b l e s  w e re  n o t  s i g n i f i c a n t  so t h e y  w e re  p o o le d  
w i t h  t h e  e r r o r  t e r m ,  and o n ly  th e  main e f f e c t s  w ere  
m a in t a in e d .
The model t h a t  a c c o u n te d  f o r  t h e  h ig h e s t  t o t a l
srr
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v a r i a t i o n  o-f b o th  s t u d e n t s '  p o s t t e s t  and r e t e n t i o n  t e s t  
m easures used t r e a t m e n t ,  s c h o o l ,  s e x ,  and CTBS as  main  
e f f e c t s .  The R -S q u a re d  v a lu e s  f o r  t h i s  model w ere  .5 4 9  
f o r  t h e  p o s t t e s t  and .6 2 3  f o r  t h e  r e t e n t i o n  t e s t .  The  
b lo c k in g  v a r i a b l e  o f  sex d e m o n s tra te d  g r e a t e r  s t a t i s t i c a l  
s i g n i f i c a n c e  f o r  t h e  r e t e n t i o n  t e s t  m easure th a n  f o r  t h e  
p o s t t e s t  m easure . The r e s u l t s  o f  th e s e  a n a ly s e s  can be  
found  in  T a b le s  30 and 3 1 .  D u n c a n 's  m u l t i  p i  e - r a n g e  t e s t  
was em ployed t o  a n a ly z e  t h e  sch o o l and sex mean 
d i f f e r e n c e s .  T h e re  was a s i g n i f i c a n t  d i f f e r e n c e  betw een  
LSU Lab School s t u d e n t s '  mean s c o re  ( 1 1 .3 4 )  and G len  Oaks  
School s t u d e n t s '  mean s c o r e  (5 .7 & )  on t h e  p o s t t e s t  
(p. < . 0 1 )  and LSU Lab School s t u d e n t s '  mean s c o r e  
( 1 2 .0 7 )  and G len  Oaks School s t u d e n t s '  mean s c o r e  ( 6 . 3 2 )  
on t h e  r e t e n t i o n  t e s t  (g. < . 0 1 ) .  A ls o ,  t h e r e  was a 
s i g n i f i c a n t  d i f f e r e n c e  b e tw ee n  m ale  s t u d e n t s '  mean s c o re  
( 8 . 5 4 )  and fe m a le  s t u d e n t s '  mean s c o re  ( 6 . 7 4 )  on t h e  
p o s t t e s t  <g < . 0 5 )  and m a le  s t u d e n t s '  mean s c o r e  
(9 .3 B )  and fe m a le  s t u d e n t s '  mean s c o re  ( 7 . 1 3 )  on t h e  
r e t e n t i o n  t e s t  (g < . 0 5 ) .
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Table 30
Anal.ysi.5_Df _V'ari ance_f or_Buggest ed_Mode][
Dependent v a r i a b l e : P o s t t e s t  S co re  f o r  U n d e r s ta n d in g  o f  t h e  
C o n cep t o f  V a r i a b l e
S o u rce  o-f 
V a r i  ance df
Sum o f  Mean 
S q u a re s  S quare F E R2
Model 5 9 4 9 . 9 3  1 8 9 .9 9 1 6 .8 6 . 0 0 0 1 * * *  .5 0 4
E r r o r 83 9 3 5 .5 1  1 1 .2 7
C o r r e c te d
T o t a l
8 8 1 8 8 5 .4 4
S o u rce  o-f 
V a r i  ance d f
Sum o f  
S q u ares E E
T re a tm e n t 1 7 4 .8 0 7 . 7 5 . 0 0 0 8 * * *
School 1 6 5 4 .3 1 5 8 . 0 5 . 0 0 0 1 * * *
Sex 1 6 5 .7 4 5 . 8 3 .0 1 7 9 *
CTBS 1 5 5 . 0 8 5 . 8 9 . 0 2 9 8 *
*  a < . 0 5 . * *  a < -01 -  * * *  a < . 0 0 1 .
BF~
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Table 31
BQ§i^!§iS_2f_I^iiC i.iQ£i_iSC_Sya9§§fes^_!l!39dslu
D ependent v a r i a b l e : R e t e n t io n  T e s t  
o f th e  Concept
S c o re  f o r  U n d e rs ta n d in g  
o f V a r i a b l e
S o u rce  o-f 
V a r ia n c e d-f
Sum o f  Mean 
S q u a re s  Square E E Ra
Model 5 1 3 0 5 . 69 2 6 1 .1 3 2 2 .4 4 . 0 0 0 1 * * *  .5 7 5
E r r o r S3 9 6 6 . 07 1 1 .6 3
C o r r e c t e d
T o t a l
88 2 2 7 1 . 76
S o u rce  o-f 
V a r ia n c e df
Sum o f  
S q u are s E E
T re a tm e n t •Am. 4 3 8 .1 7 1 8 .8 2 . 0 0 0 1 * * *
School 1 6 6 8 .6 1 5 7 .4 4 . 0 0 0 1 * * *
Sex 1 1 2 6 .9 2 1 0 .9 0 . 0 0 1 4 * *
CTBS 1 7 1 . 9 8 6 . 18 . 0 1 4 9 *
*  e < . 0 5 .  * *  B < . 0 1 .  * * *  E < .0 0 1 .
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CHAPTER 5
Summary, D is c u s s io n ,  and Recom m endations  
The main o b j e c t i v e  o-f t h i s  s tu d y  was t o  i n v e s t i g a t e  
w h eth er  t h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  in  
u n d e rs ta n d in g  t h e  c o n c e p t  o f  v a r i a b l e  and in  a t t i t u d e s  
among s i x t h  g ra d e  s t u d e n t s  who used a com puter programming  
a p p ro ac h , s t u d e n t s  who used a te x tb o o k -b a s e d  a p p ro a c h ,  and 
s tu d e n ts  who r e c e iv e d  no i n s t r u c t i o n .  In  a d d i t i o n ,  t h e  
s t r e n g t h  o f  t h e  r e l a t i o n s h i p  between s t u d e n t s '  p o s t t e s t  
and r e t e n t i o n  t e s t  s c o r e s  and t h e i r  p r e - t r e a t m e n t  s c o re s  
was a n a ly z e d .  A d is c u s s io n  o f  t h e  r e s u l t s  p r e s e n te d  in  
th e  p re c e d in g  c h a p t e r  i s  p r o v id e d  in  t h e  f o l l o w i n g  
s e c t io n s .
i i f g £ t s _ o f  _ T r  e a t  m en t_ o n _S tu d en t s^._Under s t a n d in g  
S i_ t h e _ C g n c e E t _ g f _ V a r ia b le _ a t _ t h e  
iQ d _ o f_ th e _ E x g e r im e n t  
The f i r s t  h y p o t h e s is  o f  t h e  s tu d y  s t a t e d  t h a t  
s tu d e n ts  r e c e i v i n g  com puter  program m ing i n s t r u c t i o n  would  
d e m o n s tra te  g r e a t e r  u n d e r s t a n d in g  o f  th e  c o n c e p t  v a r i a b l e  
on th e  p o s t t e s t  th a n  s t u d e n t s  r e c e i v i n g  t e x tb o o k -b a s e d  
i n s t r u c t i o n .  The d a t a  d id  n o t  s u p p o r t  t h e  p r e d i c t i v e  
h y p o th e s is .  T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  between  
p o s t t e s t  s c o r e s  o f  s t u d e n t s  r e c e i v i n g  program m ing  
i n s t r u c t i o n  and s t u d e n t s  r e c e i v i n g  te x t b o o k - b a s e d  
i n s t r u c t i o n  on t h e  c o n c e p t ,  a l th o u g h  t h e  c o m p u te r
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program m ing group mean was g r e a t e r  th a n  t h e  te x t b o o k  
g ro u p . T h is  f i n d i n g  i n d i c a t e s  a c o m p ara b le  t r e a t m e n t  
e f f e c t  on s t u d e n t s '  u n d e r s t a n d in g  o f  v a r i a b l e .  S tu d e n ts  
r e c e i v i n g  program m ing i n s t r u c t i o n  m ig h t h a v e  t h e  a d v a n ta g e  
o f a c q u i r in g  tw o s k i l l s ,  com puter program m ing and 
m a th e m a t ic s ,  a p o i n t  c o n s i s t e n t  w i t h  J o r d a n 's  r e s e a r c h  
( 1 9 8 5 ) .
The second h y p o t h e s is  o f  t h e  s tu d y  s t a t e d  t h a t  
s t u d e n t s  r e c e i v i n g  co m p u te r  program m ing i n s t r u c t i o n  would  
d e m o n s tra te  g r e a t e r  u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  
v a r i a b l e  on t h e  p o s t t e s t  th a n  s tu d e n ts  r e c e i v i n g  no 
i n s t r u c t i o n  on t h e  c o n c e p t  o f  v a r i a b l e .  T h e r e  was a 
s i g n i f i c a n t  d i f f e r e n c e  i n  u n d e r s ta n d in g  t h e  c o n c e p t  a t  t h e  
end o f  t h e  t r e a t m e n t  in  f a v o r  o f  t h e  co m p u ter  program m ing  
g ro u p . The s t u d e n t s  who r e c e iv e d  program m ing  i n s t r u c t i o n  
had a h ig h e r  mean s c o r e  th a n  s tu d e n ts  who d id  n o t  r e c e i v e  
i n s t r u c t i o n  on t h e  c o n c e p t .  The i n v e s t i g a t o r  c o n s id e re d  
th e  d i f f e r e n c e  o f  m o d e ra te  e d u c a t io n a l  s i g n i f i c a n c e .  The  
com puter program m ing  i n s t r u c t i o n  p r o v id e d  a model which  
was more e f f e c t i v e  th a n  no i n s t r u c t i o n  a t  a l l .  B ecause o f  
t h i s  l a c k  o f  i n s t r u c t i o n ,  s tu d e n t s  in  t h e  c o n t r o l  group  
were u n f a m i l i a r  w i t h  t h e  c o n c e p t  o f  v a r i a b l e  and d id  n o t  
have t h e  o p p o r t u n i t y  t o  l e a r n  t h e  c o n c e p t .
The t h i r d  h y p o t h e s is  in  t h i s  s tu d y  s t a t e d  t h a t  
s tu d e n ts  r e c e i v i n g  t e x tb o o k -b a s e d  i n s t r u c t i o n  would  
d e m o n s tra te  g r e a t e r  u n d e r s t a n d in g  o f  th e  c o n c e p t  o f
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v a r i a b l e  on th e  p o s t t e s t  th a n  s tu d e n ts  r e c e i v i n g  no 
i n s t r u c t i o n  on t h e  c o n c e p t  o f  v a r i a b l e .  T h e re  was no  
s i g n i f i c a n t  d i f f e r e n c e  b e tw een  s tu d e n ts  r e c e i v i n g  a 
te x tb o o k -b a s e d  ap p ro ac h  and s t u d e n t s  r e c e i v i n g  no  
i n s t r u c t i o n  on t h e  c o n c e p t .  The d a ta  d id  n o t  s u p p o r t  t h i s  
h y p o th e s is .  A lth o u g h  t h e  d i f f e r e n c e  was n o t  a 
s i g n i f i c a n t ,  t h e  s t u d e n t s  r e c e i v i n g  te x tb o o k -b a s e d  
i n s t r u c t i o n  on v a r i a b l e  p ro d u ced  a h ig h e r  mean s c o re  on 
t h e  p o s t t e s t  th a n  s t u d e n t s  r e c e i v i n g  no i n s t r u c t i o n .
I t  i s  p o s s ib le  t h a t  t h e  te x tb o o k -b a s e d  ap p ro ac h  d id  
n o t  p ro v id e  an e f f e c t i v e  model o f  th e  c o n c e p t ,  and hence  
d id  n o t  meet t h e  e d u c a t io n a l  needs o f  t h e  s i x t h  g ra d e  
s t u d e n t s .  S ix t h  g ra d e  s t u d e n t s  need c o n c r e te  p ro p s  and 
a p p l i c a t i o n s  t h a t  f a c i l i t a t e  t h e i r  l e a r n i n g .  S tu d e n ts  
r e c e i v i n g  te x tb o o k -b a s e d  i n s t r u c t i o n  s co red  no h ig h e r  on 
t h e  concept o f  v a r i a b l e  t e s t  th a n  s t u d e n ts  i n  t h e  c o n t r o l  
g ro u p .  Im provem ents  need  t o  be made in  o r d e r  t o  make t h i s  
approach  more e f f e c t i v e .  One a l t e r n a t i v e  c o u ld  be t o  
com bine or in c o r p o r a t e  o t h e r  c o n c r e te  m odels  o f  t h e  
c o n ce p t t o  th e  t e x t b o o k - b a s e d  approach  p r e s e n te d  i n  t h i s  
s tu d y .  The te x t b o o k - b a s e d  ap proach  p r o v id e d  p r a c t i c e  and 
r e p e t i t i o n  o f t h e  m a th e m a t ic a l  id e a s  such as  e x p r e s s io n  
and e q u a t io n ,  b u t  a p p a r e n t l y  t h i s  te c h n iq u e  was n o t  enough  
t o  make a d i f f e r e n c e .
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I f  l _ o f  _ T r e a t  men t_g n _S tu d en ts^_L Jn d er s t a n d in g
° f  _ t .h e _ C g n c e a t_ o £ _ V a r  i .a b ie _ T h re e
W § lh i_ § ft® !l_ l!Z § § t{D § Q t  
The - fo u r th  h y p o t h e s is  s t a t e d  t h a t  s t u d e n t s  r e c e i v i n g  
program m ing i n s t r u c t i o n  w ould  d e m o n s tra te  g r e a t e r  
u n d e r s t a n d in g  o-f t h e  c o n c e p t  o f  v a r i a b l e  on t h e  r e t e n t i o n  
t e s t  ( t h r e e  weeks a f t e r  t r e a t m e n t )  th a n  s t u d e n t s  r e c e i v i n g  
t e x t b o o k - b a s e d  i n s t r u c t i o n .  T h e re  was a s i g n i f i c a n t  
d i f f e r e n c e  i n  u n d e r s t a n d in g  t h e  co n cep t in  f a v o r  o f  t h e  
s t u d e n t s  r e c e i v i n g  co m p u te r  program m ing i n s t r u c t i o n .  The 
s t u d e n t s  who r e c e i v e d  co m p u ter  program m ing i n s t r u c t i o n  had
i
a h ig h e r  mean p o s t t e s t  s c o r e  th a n  s t u d e n ts  r e c e i v i n g  
t e x t b o o k - b a s e d  i n s t r u c t ! o n .
Com puter p rogram m ing  gro u p  s t u d e n ts  a p p e a r  t o  have  
r e t a i n e d  t h e i r  u n d e r s t a n d in g  o f  v a r i a b l e  b e t t e r  th a n  t h e  
t e x t b o o k  g ro u p  s t u d e n t s .  A p o s s i b l e  e x p l a n a t i o n  r e l a t e s  
t o  t h e  s t r e n g t h  o f  t h e  e f f e c t  com puter program m ing  
i n s t r u c t i o n  has  on s t u d e n t s '  u n d e r s ta n d in g  o f  t h e  c o n c e p t .  
The c o m p u te r  program m ing  a p p ro ac h  p r o v id e d  an e f f e c t i v e  
model f o r  t e a c h i n g  v a r i a b l e  and one w hich seems more 
a p p r o p r i a t e  th a n  t h e  t e x tb o o k -b a s e d  a p p ro a c h .  In  B lo o m 's  
(1 9 7 6 )  t e r m s ,  t h e  co m p u ter  program m ing a p p ro ac h  p r o v id e d  
f o r  im p r o v in g  t h e  q u a l i t y  o f  i n s t r u c t i o n .  Some s i x t h  
g r a d e  s t u d e n t s  a r e  c a p a b le  o f  fo rm a l  r e a s o n in g  b u t  t h e y  
can s t i l l  p r o f i t  f ro m  c o n c r e t e  a c t i v i t i e s ,  such as  
co m p u ter  p ro g ram m in g  a c t i v i t i e s  based on t h e i r  c o n c e p tu a l
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o r i e n t a t i o n  ( I n h e l d e r  8< P i a g e t ,  1958; P i a g e t ,  1 9 7 6 ) .
LOGO g r a p h ic s  p r o v id e  a way t o  v i s u a l i z e  how ch an g in g  t h e  
v a lu e s  o f  v a r i a b l e  a f f e c t s  t h e  d e s ig n  on t h e  com puter  
m o n i to r .  The id e a  t h a t  co m p u ter  program m ing enhances  
s t u d e n t s '  u n d e r s ta n d in g  o f  m a th e m atic s  i s  s u p p o r te d  by  
o th e r  s t u d ie s  i n  t h i s  a r e a  (W ashburn, 1970 ; F e u r z e ig h  e t  
a l . ;  O p rea , 1 9 8 5 ) .
The f i f t h  h y p o t h e s is  s t a t e d  t h a t  s t u d e n t s  r e c e i v i n g  
programming i n s t r u c t i o n  w ould  d e m o n s tra te  g r e a t e r  
u n d e rs ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  on t h e  r e t e n t i o n  
t e s t  th a n  s tu d e n t s  r e c e i v i n g  no i n s t r u c t i o n  on th e  
c o n c e p t .  T h e re  was a s i g n i f i c a n t  d i f f e r e n c e  in  
u n d e rs ta n d in g  o f  v a r i a b l e  in  f a v o r  o f  t h e  s tu d e n ts  
r e c e i v i n g  com puter program m ing  i n s t r u c t i o n .  The s t u d e n t s  
who r e c e iv e d  com puter program m ing i n s t r u c t i o n  had a h ig h e r  
mean r e t e n t i o n  t e s t  s c o r e  th a n  s tu d e n ts  who d id  no t  
r e c e i v e  i n s t r u c t i o n .
A p o s s ib le  e x p l a n a t i o n  f o r  t h i s  f i n d i n g  i s  t h a t  t h e  
programming ap p ro ach  a l lo w e d  and en co u ra g ed  th e  s tu d e n ts  
t o  l e a r n  t h e  c o n c e p t ,  b u t  s tu d e n ts  i n  t h e  c o n t r o l  group  
d id  n o t  have  t h i s  o p p o r t u n i t y  and d id  n o t  u n d e rs ta n d  t h e  
as w e l l  as  t h e  com puter  g ro u p .
I t  i t s  i n t e r e s t i n g  t o  n o te  t h a t  r e t e n t i o n  t e s t  means 
f o r  th e  com puter and c o n t r o l  group w ere  h ig h e r  th a n  t h e i r  
p o s t t e s t  s c o r e  means. T h i s  s u g g e s ts  an i n t e r a c t i o n  
between t e s t i n g  e f f e c t s  and l e a r n i n g .  P o s s i b l y ,  h o w e v e r ,
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l e a r n i n g  e x p e r ie n c e s  be tw een  each a d m i n i s t r a t i o n  o f  t h e  
p o s t t e s t  and r e t e n t i o n  t e s t  m ig h t  have a f f e c t e d  t h e  
com puter and c o n t r o l  g roup  s t u d e n t s '  l e a r n i n g  in  some 
ways.
The s i x t h  h y p o t h e s is  s t a t e d  t h a t  s t u d e n t s  r e c e i v i n g  
te x tb o o k -b a s e d  i n s t r u c t i o n  w ould d e m o n s tra te  g r e a t e r  
u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e  on t h e  r e t e n t i o n  
t e s t  ( t h r e e  weeks a f t e r  t r e a t m e n t )  th a n  s t u d e n t s  r e c e i v i n g  
no i n s t r u c t i o n  on t h e  c o n c e p t  o f  v a r i a b l e  ( c o n t r o l  g roup  
s t u d e n t s ) .  The d a t a  d id  n o t  s u p p o r t  t h i s  h y p o t h e s is .
T h e re  w ere no s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  s t u d e n t s  
r e c e i v i n g  t h e  t e x t b o o k - b a s e d  i n s t r u c t i o n  and s t u d e n t s  
r e c e i v i n g  no i n s t r u c t i o n  t h r e e  weeks a f t e r  t r e a t m e n t .
One re a s o n  f o r  t h i s  f i n d i n g  may be t h a t  t h e  
te x tb o o k -b a s e d  a p p ro a c h  d id  n o t  p r o v id e  f o r  s i x t h  g ra d e  
s t u d e n t s '  n e e d s ,  such as  m e n ta l  models t o  d e a l  w i t h  
a b s t r a c t  id e a s  i n  o r d e r  t o  u n d e rs ta n d  t h e  c o n c e p t .  L060  
com puter p rogram m ing  p r o v id e s  a c o n c r e te  model f o r  
v a r i a b l e  w hich  i s  n o t  p r o v id e d  i n  th e  t e x t b o o k - b a s e d  
a p p ro a c h .  T h is  model i n c lu d e s  c o n c r e te  p ro p s  and v is u a l  
models t h a t  m ig h t  h e lp  t h e  s t u d e n t s '  l e a r n i n g  o f  t h e  
c o n c e p t .  T h is  i s  more r e l e v a n t  because  s e v e r a l  s t u d i e s  
have fo u n d  t h a t  s t u d e n t s  h a ve  v a r io u s  m is c o n c e p t io n s  o f  
t h e  c o n c e p t  (W ag n e r ,  1 98 1 ;  C le m e n t ,  1 9 8 2 ) .
The LOGO c o m p u te r  program m ing  a c t i v i t i e s  used in  t h i s  
s tu d y  em p h as ized  t h e  a p p l i c a t i o n  o f v a r i a b l e  as  i t  i s  used
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i n  m a th e m a t ic s .  The c o n c e p t  was used as a symbol t h a t  may 
be r e p la c e d  by any  member o-f a g iv e n  s e t  o-f num bers. In  
t h i s  s e t t i n g  each v a r i a b l e  c o rre s p o n d s  t o  a d i s t i n c t  
l o c a t i o n  i n  t h e  memory o f  t h e  c o m p u te r .  T h is  p r o v id e s  
c o n c r e te  p ro p s  and a p p l i c a t i o n s  o f  th e  c o n c e p t  t h a t  m ig h t  
have enhanced s t u d e n t s '  l e a r n i n g  and r e t e n t i o n  o f  
l e a r n i n g .  When s t u d e n t s  w r i t e ,  r u n ,  and e d i t  d i f f e r e n t  
LOGO program s i n v o l v i n g  v a r i a b l e s ,  th e y  a r e  in v o lv e d  i n  
c o n c r e te  and m o t i v a t i o n a l  a p p l i c a t i o n s  o f  t h e  c o n c e p t .  
A n a ly s in g  and o b s e r v in g  LOGO g r a p h ic  program s m ig h t  h a ve  
p r o v id e d  an e f f e c t i v e  and easy t o  remember ( lo n g - t e r m  
memory) v i s u a l  model w h ich  i s  a p p r o p r i a t e  f o r  t h e i r  
c o g n i t i v e  d e v e lo p m e n t .
In  a d d i t i o n ,  t h e  program m ing i n s t r u c t i o n  f a c i l i t a t e d  
more a c t i v e  in v o lv e m e n t  on th e  p a r t  o f  s t u d e n t s .  T h is  
a c t i v e  in v o lv e m e n t  m ig h t  have a ls o  p r o v id e d  f o r  s t u d e n t s '  
g a in s  in  u n d e r s t a n d in g .  T h is  s u p p o r ts  B lo o m 's  (1 9 7 6 ) .  
c la im  t h a t  t im e  on t a s k  i s  an im p o r t a n t  f a c t o r  i n  t h e  
t e a c h i n g - l e a r n i n g  p r o c e s s .
E f f e e t  s _ g f _ I r e a t f n e n t  _ o n _ S tu d e n t  s_l_At t i t  udes  
Ig w a rd _ M a th e m a t ic s _ a t_ th e _ E n d  
o f_ th e _ T r e a tm e n t  
The s e v e n th  h y p o t h e s is  o f  t h e  s tu d y  s t a t e d  t h a t  
s t u d e n ts  r e c e i v i n g  program m ing i n s t r u c t i o n  would have  more  
p o s i t i v e  a t t i t u d e s  to w a rd  m a th e m a t ic s  a t  t h e  end o f t h e
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t r e a t m e n t .  The r e s u l t s  d id  n o t  s u p p o r t  t h i s  h y p o t h e s is .  
T h e re  was no s i g n i f i c a n t  d i f f e r e n c e  betw een t r e a t m e n t  
g ro u p s '  a t t i t u d e s  to w a rd  m a th e m a tic s  as  measured by t h e  
RSD a d m in is t e r e d  a t  t h e  end o f  th e  t r e a t m e n t .  The RSD 
in c lu d e d  s ix  t a r g e t  o b j e c t s ,  and no s i g n i f i c a n t  
d i f f e r e n c e s  w ere  fo u n d  i n  te rm s  o f  s t u d e n t s '  a t t i t u d e s  
to w a rd  any o f  t h e s e  t a r g e t  o b j e c t s .  S t u d e n t s '  a t t i t u d e s  
to w ard  t h e  d i f f e r e n t  t a r g e t  o b je c t s  were c o n s i s t e n t  fro m  
one t r e a t m e n t  group  t o  t h e  o t h e r .
S t u d e n t s '  a t t i t u d e s  to w a rd  th e  m a th e m a t ic s  t e a c h e r ,  
m a th e m a tic s  a c t i v i t i e s ,  and i n t e r a c t i o n  w i t h  t h e  te a c h e r  
w ere found  t o  be lo w .  In  g e n e r a l ,  s tu d e n t s  p e r c e iv e d  t h e  
m a th e m a tic s  e n v iro n m e n t  as nondynam ic , u n im p o r t a n t ,  d u l l ,  
and b o r in g  a t  t h e  end o f  th e  t r e a t m e n t .  T h is  a t t i t u d e  was 
c o n s i s t e n t  w i t h  t h e  one s t u d e n t s  had a t  t h e  s t a r t  o f  t h e  
s tu d y .  P o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  f i n d i n g  a r e  a l a c k  
o f  m o t iv a t io n  and c h a l l e n g e  i n  th e  m a th e m a tic s  c la s s e s  and  
t h e  s t u d e n t s '  v ie w  o f  t h e  t e a c h e r  as r i g i d  and som etim es  
n e g a t iv e  ( L i c a t a  and W i ld e s ,  1 9 8 0 ) .  These s u g g e s t  a need  
f o r  i n c r e a s i n g  t h e  m o t i v a t i o n a l  a s p e c t  o f  t h e  l e a r n i n g  
e n v iro n m e n t .
S t u d e n t s '  a t t i t u d e s  to w a rd  th e  c o m p u te r ,  m a th e m a t ic s  
a c t i v i t i e s  w i t h  t h e  c o m p u te r ,  and i n t e r a c t i o n  w i t h  th e  
com puter w ere  fo u n d  t o  be p o s i t i v e  and m o d e r a t e ly  h ig h .  
They g e n e r a l l y  p e r c e iv e d  t h e s e  t a r g e t  o b j e c t s  as  
i n t e r e s t i n g ,  c h a l l e n g i n g ,  a c t i v e ,  p o w e r f u l ,  t h r i l l i n g ,
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im p o r t a n t ,  - f re s h ,  m e a n in g f u l ,  and a c t io n - p a c k e d .  T h ere  
e x i s t  s e v e r a l  p o s s i b l e  re a s o n s :  th e  co m p u ter  p r o v id e d
sp o n ta n e o u s  s t u d e n t  in v o lv e m e n t  (on many o c c a s io n s  
s t u d e n t s  would  c o n t in u e  w o rk in g  w i th  t h e  com puter in  th e  
absence  of t h e  t e a c h e r ) ; th e  com puter seems t o  be a 
m ovin g , dynam ic f o c a l  p o i n t  f o r  t h e  c la s s ;  t h e  com puter  
c la s s  a tm o s p h e re  a p p e a rs  t o  be in f o r m a l  w i t h  t h e  s tu d e n ts  
h o ld in g  a d e g r e e  o f  autonomy o v e r  th e  a c t i v i t i e s ;  and 
s t u d e n t s  s ee  t h e  m a th e m a tic s  a c t i v i t i e s  w i t h  t h e  com puter  
as " fu n "  and lo o k  fo r w a r d  t o  w o rk in g  w i t h  i t  ( L i c a t a  and 
W ild e s ,  1 9 8 0 ) .  L ep p er  (1 9 85 )  n o te d  t h a t  i n t e r e s t  in  
co m p u te rs  i s  g e n e r a l l y  h ig h  w hich make them v e r y  
m o t iv a t in g  f o r  t h e  s t u d e n t s .  The i n c o r p o r a t i o n  o f  
c o m p u te rs  i n t o  m a th e m a t ic s  a c t i v i t i e s  a ls o  seems t o  make 
m a th e m a tic s  v e r y  m o t iv a t in g  and i n t e r e s t i n g  t o  th e  
s t u d e n t s .  A c c o rd in g  t o  Bloom ( 1 9 7 6 ) ,  s t u d e n t s '  a f f e c t i v e  
e n t r y  i s  an im p o r t a n t  f a c t o r  i n  te rm s  o f  l e a r n i n g  
outcom es. F u r t h e r  r e s e a r c h  a n a ly s in g  s p e c i f i c  a s p e c ts  o f  
t h e  use  o f  c o m p u te rs  t o  enhance th e  m a th e m a t ic s  
e n v iro n m e n t  and s t u d e n t s '  a t t i t u d e s  to w a rd  m a th e m a t ic s  i s  
n e c e s s a r y .
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B g te n t i .g n _ T g s t_ S c g re s  
The s t r e n g t h  o-f t h e  r e l a t i o n s h i p  b e tw een  s t u d e n t s '  
u n d e r s ta n d in g  o-f t h e  c o n c e p t  o-f v a r i a b l e  p o s t t e s t  and 
r e t e n t i o n  t e s t  s c o r e s  and t h e i r  p r e - t r e a t m e n t  s c a r e s  i n  
m a th e m a tic s  a c h ie v e m e n t ,  l o g i c a l  t h i n k i n g ,  and a f - f e c t i v e  
l e v e l  was a n a ly z e d  by t r e a t m e n t  g ro u p . T h e re  was no 
s i g n i f i c a n t  r e l a t i o n s h i p  betw een t h e  com puter  program m ing  
s t u d e n t s '  p o s t t e s t  and r e t e n t i o n  t e s t  s c o r e s  a n d - t h e i r  
s c o re s  on each o f  t h e  RSD s u b s c a le s .  The same was t r u e  
f o r  t h e  te x t b o o k  and c o n t r o l  group s t u d e n t s .  S t u d e n t s '  
a t t i t u d e s  a p p e a re d  t o  be u n r e la t e d  t o  c o m p u te r , t e x t b o o k ,  
and c o n t r o l  g ro u p  s t u d e n t s '  p e r fo rm a n c e  on e i t h e r  t h e  
p o s t t e s t  o r  r e t e n t i o n  t e s t .  One re a s o n  may be t h a t  th e  
s t u d e n ts  had a c o n s i s t e n t  a t t i t u d e  to w a rd  t h e  d i f f e r e n t  
t a r g e t  o b j e c t s  in c lu d e d  in  th e  RBD s c a l e .  S t u d e n t s '  
a t t i t u d e s  to w a rd  t h e  c o m p u te r ,  t h e  m a th e m a t ic s  a c t i v i t i e s  
w ith  t h e  c o m p u te r ,  and t h e  i n t e r a c t i o n  w i t h  t h e  com puter  
w ere c o n s i s t e n t l y  h ig h .  S i m i l a r l y ,  s t u d e n t s '  a t t i t u d e s  
to w a rd  th e  m a th e m a t ic s  t e a c h e r ,  t h e  m a th e m a t ic s  
a c t i v i t i e s ,  and t h e  i n t e r a c t i o n  w i t h  t h e  m a th e m a t ic s  
t e a c h e r  w ere  c o n s i s t e n t l y  low . I t  i s  p o s s i b l e  t h a t  t h e  
u n i t  o f  a n a l y s i s  m ig h t  h ave  a f f e c t e d  t h e  r e s u l t s  o f  t h e  
s t u d y .  M o r r i s  (1 9 8 6 )  fo u n d  a s t r o n g  r e l a t i o n s h i p  betw een  
RSD c o n c e p ts  (a s  p e r c e iv e d  by t e a c h e r s )  and s t u d e n t s '
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a c h ie v e m e n t  (a s  m easured by t h e  C om prehens ive  Assessm ent  
P r o g r a m ) .
T h e re  was a s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  betw een  
t h e  co m p u ter  p rogram m ing  group  s t u d e n t s '  p o s t t e s t  s c o re s  
and t h e i r  s c o re s  i n  t h e  a c h ie v e m e n t  t e s t .  T h is  was a ls o  
t r u e  f o r  th e  r e l a t i o n s h i p  be tw een  te x tb o o o k  group  and 
c o n t r o l  group s t u d e n t s '  p o s t t e s t  s c o re s  and t h e i r  
a c h ie v e m e n t  t e s t  s c a r e s .  A s i m i l a r  r e l a t i o n s h i p  was found  
betw een  each t r e a t m e n t  group (c o m p u te r ,  t e x t b o o k ,  and  
c o n t r o l )  r e t e n t i o n  t e s t  s c o r e s  and t h e i r  s c o re s  i n  th e  
a c h ie v e m e n t  t e s t .
These f i n d i n g s  s u g g e s t  t h a t  s t u d e n t s '  p r e v io u s  
m a th e m a t ic s  a c h ie v e m e n t  may be in v o lv e d  i n  s t u d e n t s '  
p e r fo rm a n c e  in  t h e  d i f f e r e n t  t r e a t m e n t  a c t i v i t i e s  and  
u n d e r s ta n d in g  o f  t h e  c o n c e p t  a t  t h e  end o r  t h r e e  weeks  
a f t e r  t r e a t m e n t .  S t u d e n t s '  e n t r y  m a th e m a t ic s  a c h ie v e m e n t  
i s  a f a c t o r  t h a t  n eed s  c l o s e r  a t t e n t i o n  and a n a l y s i s  in  
f u t u r e  r e s e a r c h .  I t  a p p e a rs  t o  be a s i g n i f i c a n t  p r e d i c t o r  
o f  s i x t h  g r a d e ,  n o v ic e  p ro g ra m m ers ' s u c c e s s  in  l e a r n i n g  o f  
v a r i a b l e  th ro u g h  program m ing a c t i v i t i e s  and t r a n s f e r r i n g  
program m ing c o n c e p ts  and s k i l l s  t o  m a th e m a t ic s  a c t i v i t i e s .  
The r e l a t i o n s h i p  seems a p p a r e n t :  t h e  h ig h e r  s t u d e n t s '
e n t r y  m a th e m a t ic s  a c h ie v e m e n t ,  t h e  g r e a t e r  t h e  p o s s i b i l i t y  
o f l e a r n i n g  m a th e m a t ic s  c o n c e p ts  and t r a n s f e r r i n g  
program m ing s k i l l s  t o  nonprogram m ing a c t i v i t i e s .  T h is  
f i n d i n g  i s  i n  a c c o rd a n c e  w i t h  P a p e r t ,  e t  a l . (1 9 7 9 )  who
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c o n s id e re d  s t u d e n t s '  e n t r y  a c h ie v e m e n t  as t h e  main f a c t o r  
a f f e c t i n g  s t u d e n t s '  p e r fo rm a n c e  in  d i f f e r e n t  assessm ent  
t a s k s  ( f o r  e x a m p le ,  p r o p o r t i o n a l  t h in k in g  t a s k s ,  and 
c o n s e r v a t io n  o f  number t a s k s ) .
Computer and te x tb o o k  g ro u p  s tu d e n ts '  p o s t t e s t  s c a r e s  
w ere a ls o  fo u n d  t o  have  a s i g n i f i c a n t  p o s i t i v e  
r e l a t i o n s h i p  w i t h  t h e i r  l o g i c a l  t h in k in g  s c o r e s .  The same 
p o s i t i v e  r e l a t i o n s h i p  was fo u n d  between com puter and  
te x tb o o k  group  s t u d e n t s '  r e t e n t i o n  t e s t  s c o re s  and t h e i r  
s c o re s  i n  t h e  l o g i c a l  t h i n k i n g  t e s t .  The r e l a t i o n s h i p  
between c o n t r o l  group s t u d e n t s '  p o s t t e s t  s c o re s  and t h e i r  
s c o re s  in  t h e  l o g i c a l  t h i n k i n g  t e s t  was n o t  s i g n i f i c a n t ,  
b u t t h e r e  was a s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  betw een  
c o n t r o l  group s t u d e n t s '  r e t e n t i o n  t e s t  s c o re s  and t h e i r  
s c o re s  in  t h e  l o g i c a l  t h i n k i n g  t e s t .
As w i t h  s t u d e n t s '  m a th e m a t ic s  a ch ie v em e n t s c o r e s ,  
s t u d e n t s '  l o g i c a l  t h i n k i n g  s c o r e s  may be r e l a t e d  t o  
s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  concept o f  v a r i a b l e  a f t e r  
r e c e i v i n g  co m p u ter  p rogram m ing  o r  te x tb o o k -b a s e d  
i n s t r u c t i o n .  S t u d e n t s '  l o g i c a l  t h in k in g  seems t o  be an 
im p o r ta n t  f a c t o r  in  p r e d i c t i n g  s tu d e n ts '  s u c c e s s  in  
t r a n s f e r r i n g  program m ing c o n c e p ts  and s k i l l s  t o  
nonprogram m ing a c t i v i t i e s .  F u r t h e r  r e s e a rc h  i s  needed in  
t h i s  a r e a  t o  a n a ly s e  t h e  e x t e n t  o f  t h i s  r e l a t i o n s h i p .
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A number o-f re c o m m e n d a t io n s  f o r  f u r t h e r  r e s e a r c h  can  
be g e n e r a te d  f ro m  t h e  r e s u l t s  o f  t h i s  s tu d y .
Recom mendations i n c lu d e  c h a n g e s  in  t h e  d e s ig n  o f  th e  
s tu d y ,  m o d i f i c a t i o n s  o f  t h e  in s t r u m e n t  used t o  m easure  
s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  c o n ce p t o f  v a r i a b l e ,  and 
e x t e n s io n  o f  t h e  p r e s e n t  r e s e a r c h .
Some o f  t h e  f i n d i n g s  o f  t h i s  r e s e a r c h  w ere  
e x p l o r a t o r y ,  and as i n  any r e s e a r c h ,  t h e r e  i s  a need f o r  
r e p l i c a t i o n .  The number o f  t r a i n i n g  s e s s io n s  r e c e iv e d  by  
th e  s t u d e n t s '  c o u ld  be le n g th e n e d  t o  d e te r m in e  w h e th e r
i
a d d i t i o n a l  p r a c t i c e  w ou ld  r e s u l t  in  g r e a t e r  g a in s  in  
s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  co n ce p t o f  v a r i a b l e ,  and 
th u s  e x te n d  t h e  f i n d i n g s  o f  t h i s  r e s e a r c h  s t u d y .  The 
number o f  s t u d e n t s  in c lu d e d  i n  t h e  sam ple  c o u ld  a ls o  be  
in c r e a s e d .  More s t u d e n t s  w ou ld  p r o v id e  a more 
r e p r e s e n t a t i v e  sam p le  o f  t h e  p o p u la t io n  and more 
c o n c lu s iv e  r e s u l t s  as  t o  w h e th e r  s t u d e n t s '  c h a r a c t e r i s t i c s  
( c o g n i t i v e  and a f f e c t i v e  e n t r i e s )  a r e  im p o r t a n t  f a c t o r s  i n  
s t u d e n t s '  g a in s  o f  u n d e r s t a n d in g  o f  v a r i a b l e  a t  t h e  o f  
t r e a t m e n t .
The UCVI p ro v e d  t o  be  a r e l i a b l e  and v a l i d  m easure  o f  
s t u d e n t s '  u n d e r s t a n d in g  o f  t h e  c o n c e p t .  H o w ever,  
enhancem ents  o f  and m o d i f i c a t i o n s  t o  t h e  in s t r u m e n t  c o u ld  
be d e v e lo p e d  t o  s u p p o r t  f u r t h e r  r e s e a r c h  q u e s t io n s .  
A d d i t i o n a l  t e s t i n g  o f  t h e  in s t r u m e n t  i s  recommended. Some
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i te m s  c o u ld  be r e f i n e d  o r  e l i m i n a t e d  f ro m  t h e  t e s t .  A ls o ,  
th e  a d d i t i o n  o f i te m s  t o  g a th e r  more s p e c i f i c  d a ta  
r e g a r d in g  s t u d e n t s '  u n d e rs ta n d in g  o f  t h e  c o n c e p t  co u ld  
p r o v id e  a b e t t e r  i n d i c a t i o n  o f  t h e  s p e c i f i c  t r e a t m e n t  
e f f e c t s .  The in s t r u m e n t  does n o t  r e v e a l  t h e  t h i n k i n g  
p ro c e s s  used by t h e  s tu d e n ts  i n  s o l v i n g  t h e  p ro b lem s  and 
a p p ly in g  and t r a n s f e r r i n g  t h e i r  u n d e r s t a n d in g  o f  th e  
c o n c e p t o f  v a r i a b l e .  An a n a l y s is  o f  i n d i v i d u a l  s t u d e n t s '  
p r o t o c o ls  i n  s o l v i n g  UCVI p ro b lem s  o r  o t h e r  s i m i l a r  
q u e s t io n s  w ould  be a v a lu a b le  com plem ent t o  t h e s e  
f i n d i n g s .
The UCVI s c o r e s  were found t o  be low  f o r  many 
s t u d e n t s .  A lth o u g h  th e  in s t r u m e n t  was fo u n d  t o  be 
r e l i a b l e ,  i t  was n o t  s e n s i t i v e  enough t o  ackn o w led g e  g a in s  
in  l e a r n i n g .  The i te m s  m ight have  been to o  d i f f i c u l t  o r  
have r e q u i r e d  a h ig h e r  d e v e lo p m e n ta l  l e v e l  th a n  th e  
s tu d e n ts  p o s s e s s e d . In  o th e r  w o rd s ,  t h e  s t u d e n t s  needed  
t o  t h i n k  more a b s t r a c t l y  than  what t h e y  w ere  c a p a b le  of  
d o in g .  The t e s t  would  be more e f f e c t i v e  w i t h  s tu d e n ts  o f  
a h ig h e r  l o g i c a l  t h i n k i n g  l e v e l .  The  TOLT s c o r e s  showed 
t h a t  most s t u d e n t s  w ere  not a b l e  t o  re a s o n  on an a b s t r a c t  
l e v e l .  U s in g  a more s e n s i t i v e  and d e v e lo p m e n t a l ly  
a p p r o p r i a t e  m easure  m ig h t have r e f l e c t e d  h ig h e r  
d i f f e r e n c e s  b e tw een  t r e a tm e n t  g r o u p s '  l e a r n i n g .  The UCVI 
low  s c o re s  a l s o  s u g g e s t  t h a t  t h e  c o n c e p t  m ig h t  in d eed  be  
to o  a b s t r a c t  and d i f f i c u l t  t o  l e a r n  f o r  s i x t h  g r a d e r s .
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N o rm a t iv e  d a ta  i s  needed in  o r d e r  t o  a n a ly s e  d i f f e r e n c e s  
among s t u d e n t s '  u n d e r s ta n d in g  o f  th e  c o n c e p t o f  v a r i a b l e  
a t  d i f f e r e n t  d e v e lo p m e n ta l  and g ra d e  l e v e l s .  The  
r e p l i c a t i o n  o f  t h e  s tu d y  u s in g  s t u d e n t s  w i t h  h ig h e r  
d e v e lo p m e n ta l  and g ra d e  (s e v e n th  o r  e ig h t h )  l e v e l s  i s  
recommended.
The TOLT was an e f f e c t i v e  m easure o f  s t u d e n t s '  
l o g i c a l  t h i n k i n g  l e v e l .  The low  c o r r e l a t i o n  betw een  TOLT 
and CTBS s c o re s  s u g g e s ts  t h a t  t h e  TOLT m easures  o f  l o g i c a l  
t h i n k i n g  a r e  in d e p e n d e n t  o f  s ch o o l m a t t e r  (m a th e m a t ic s  
a c h ie v e m e n t i n  t h i s  c a s e ) .  TOLT seems t o  in d e e d  m easure  
l o g i c a l  t h i n k i n g  as s u g g e s te d  by  T o b in  and C a p ie  ( 1 9 8 0 ) .
The com puter l e a r n i n g  e n v iro n m e n t  i s  more r o b u s t  th a n  
th e  te x tb o o k -b a s e d  l e a r n i n g  e n v i r o n m e n t .  In  t h e  m u l t i p l e  
r e g r e s s io n  a n a l y s i s ,  s t u d e n t s '  r o b u s tn e s s  s c o r e s  f o r  t h e  
c o m p u t e r - r e la t e d  c o n c e p ts  e n t e r  as t h e  second p r e d i c t o r  o f  
l e a r n i n g .  T h is  s u g g e s ts  t h a t  e n v i r o n m e n ta l  r o b u s tn e s s  i s  
an im p o r t a n t  c o n s t r u c t  p r e d i c t i n g  l e a r n i n g  ou tcom es.
G iven  t h e  im p o r ta n c e  o f  e n v i r o n m e n ta l  r o b u s tn e s s  and t h e  
p o s i t i v e  e f f e c t s  o f  co m p u te rs  on e n v i r o n m e n ta l  r o b u s tn e s s ,  
i t  i s  a d v i s a b le  t o  use co m p u te rs  i n  t h e  m a th e m a t ic s  
t e a c h i n g - l e a r n i n g  p r o c e s s .  More r e s e a r c h  a n a ly s in g  t h e  
s p e c i f i c  f a c t o r s  t h a t  makes t h e  com puter e n v iro n m e n t  more 
r o b u s t  and how t h e  t e a c h e r s  can use t h i s  f a c t o r  t o  
i n c r e a s e  t h e  m a th e m a t ic s  e n v iro n m e n t  r o b u s tn e s s  i s  
n e c e s s a r y .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
185
S in c e  s t u d e n t s '  c o g n i t i v e  ( l o g i c a l  t h i n k i n g  and 
m a th e m a tic s  a c h ie v e m e n t )  and a f f e c t i v e  e n t r y  w ere  r e l a t e d  
t o  s t u d e n t s '  g a in s  in  u n d e r s t a n d in g ,  more r e s e a r c h  in  
c o n t r o l l i n g  t h e s e  v a r i a b l e s  c o u ld  p r o v id e  b e t t e r  
i n d i c a t i o n s  o f  s p e c i f i c  d i f f e r e n c e s  among s t u d e n t s ,  t h e i r  
u n d e r s ta n d in g  o f  t h e  c o n c e p t ,  and t h e  e f f e c t s  o f  com puter  
program m ing on s t u d e n t s '  u n d e r s ta n d in g  o f t h e  c o n c e p t .
O th er  r e s e a r c h e r s  m ig h t  want t o  i n v e s t i g a t e  t h e  
r e l a t i o n s h i p  b e tw een  s t u d e n t s '  u n d e r s ta n d in g  o f  t h e  
c o n ce p t o f  v a r i a b l e  a f t e r  t r e a t m e n t  and o t h e r  l e a r n e r  
c h a r a c t e r i s t i c s ,  such as r e a d in g  l e v e l  and c o g n i t i v e  
s t y l e .
R e s u l t s  f ro m  M i l n e r  (1 9 7 3 )  w i t h  f i f t h  g r a d e  s t u d e n t s ,  
Oprea (1 9 8 5 )  w i t h  s i x t h  g ra d e  s t u d e n t s ,  and C le m e n t (1 9 8 2 )  
w ith  c o l l e g e  s t u d e n t s  s u g g e s t  a r e l a t i o n s h i p  betw een  
program m ing a b i l i t y  and u n d e r s ta n d in g  o f  t h e  c o n c e p t  o f  
v a r i a b l e .  The  r e s u l t s  o f  th e  p r e s e n t  s tu d y  a p p e a r  t o  
s u p p o r t  t h e s e  f i n d i n g s .  S i m i l a r  f i n d i n g s  h a v e  been found  
w ith  o t h e r  s p e c i f i c  m a th e m a t ic s  s k i l l s  and c o n c e p ts  such  
as e q u a t i o n ,  i t e r a t i o n ,  and f u n c t i o n  (D w y e r ,  1975;
F e u r z e ig  e t  a l . , 1969; K r u l l ,  1980; L a w le r ,  1980;
O p re a ,  1985 ; P a p e r t ,  e t  a l . ,  1979; P r i c h a r d ,  1985;  
S o lo w a y , Lochhead  and C le m e n t ,  1982; W ashburn , 1 9 7 0 ) .
The LOBO c o m p u te r  a p p ro ach  used in  t h e  p r e s e n t  s tu d y  
a p p e a rs  t o  be more e f f e c t i v e  th a n  t h e  te x t b o o k - b a s e d  
ap proach  t o  i n t r o d u c e  t h e  c o n c e p t  o f  v a r i a b l e  t o  s i x t h
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g ra d e  s t u d e n t s .  The e f f e c t i v e n e s s  o f  th e  LOGO com puter  
programming a p p ro ac h  a p p e a rs  t o  be s t r o n g e r  f o r  h e lp in g  
s t u d e n t s '  l o n g - t e r m  r e t e n t i o n  o f  t h e  c o n c e p t .  The  
com puter program m ing a c t i v i t i e s  a p p ear  t o  h ave  a d e la y e d  
e f f e c t  on c e r t a i n  a s p e c ts  o f  a c h ie v e m e n t  as was t h e  c as e  
in  C le m e n ts '  r e s e a r c h  ( 1 9 8 0 ) .  F u r t h e r  r e s e a r c h  on 
r e t e n t i o n  and d e la y e d  e f f e c t s  o f  com puter p rogram m ing  i s  
n e c e s s a ry  in  o r d e r  t o  s u p p o r t  th e s e  f i n d i n g s .  Most 
s t u d ie s  in  t h i s  a r e a  h ave  n o t  a cc o u n te d  f o r  d e la y e d  o r  
r e t e n t i o n  e f f e c t s  o f  com puter program m ing a c t i v i t i e s .  
A c c o rd in g  t o  B y e rs  and E a r lw a n g e r  ( 1 9 8 5 ) ,  t h e r e  seems t o  
be a gap be tw een  t h e  t h e o r y  and p r a c t i c e  o f  m a th e m a t ic s  
e d u c a t io n  and t h e  d e v e lo p m e n ts  in  memory r e s e a r c h .  
I n v e s t i g a t o r s  need t o  pay c l o s e r  a t t e n t i o n  t o  t h e  
e f f e c t i v e n e s s  o f  d i f f e r e n t  m odels such as co m p u ter  
program m ing t o  enhance  m a th e m a tic s  l e a r n i n g .
The p r e s e n t  s t u d y 's  f i n d i n g s  a p p ear  t o  s u p p o r t  a 
recom m endation  by C o r b i t t  (1 9 8 5 )  who a d v o c a te s  an e a r l y  
i n t r o d u c t i o n  o f  a l g e b r a i c  c o n c e p ts  i n  e le m e n ta r y  sch o o l  
th ro u g h  program m ing  a c t i v i t i e s .  U s u a l l y ,  t h e  c o n c e p t  o f  
v a r i a b l e  i s  n o t  f o r m a l l y  in t r o d u c e d  u n t i l  e ig h t h  g ra d e  in  
p r e - a lg e b r a  o r  a lg e b r a  c la s s e s ,  b u t  t h e  e a r l y  use o f  
program m ing a c t i v i t i e s ,  such as  t h e  ones p r e s e n t e d  i n  t h i s  
s t u d y ,  m ig h t  h e lp  s t u d e n t s  overcom e and a v o id  l a t e r  
m is c o n c e p t io n s  o f  t h e  c o n c e p t  o f  v a r i a b l e .  E v id e n c e  o f  
s t u d e n t s '  m is c o n c e p t io n s  o f  t h e  c o n c e p t o f  v a r i a b l e  have
BTr“
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been r e p o r t e d  by  s e v e r a l  i n v e s t i g a t o r s  (C a r p e n te r  e t  a l . ,  
19B1; C le m e n t ,  Lockhead and Monk, 1981; R o s n ic k ,  1981;  
T o n n essen , 1980 ; W agner, 1 9 8 1 ) .
The a n a l y s i s  o f  one s p e c i f i c  program m ing s k i l l ,  in  
t h i s  case  u n d e r s t a n d in g  o f  t h e  c o n c e p t  o f  v a r i a b l e ,  was an 
e f f e c t i v e  a p p ro ac h  t o  i n v e s t i g a t e  t r a n s f e r  o f  program m ing  
s k i l l s  t o  nonprogram m ing a c t i v i t i e s .  I t  a p p e a rs  t h a t  
n o v ic e  p ro g ram m ers  ( w i th  l i m i t e d  program m ing t r a i n i n g )  
m ig h t be a b l e  t o  t r a n s f e r  t h e i r  u n d e r s ta n d in g  o f  th e  
c o n c e p t  o f  v a r i a b l e  i n  a com puter program m ing s e t t i n g  t o  a 
nonprogram m ing m a th e m a t ic s  s e t t i n g .  T h is  f i n d i n g  i s  
r e l a t e d  t o  f i n d i n g s  i n  t h e  a r e a  o f  n o v ic e  p ro g ram m ers '  
t r a n s f e r  o f  s p e c i f i c  com puter program m ing s k i l l s  t o  
nonprogram m ing a c t i v i t i e s  ( B i l l i n g s ,  1983; H u n g a te ,  1982;  
S w ig g e r  and C a m p b e l l ,  1 9 8 1 ) .
Based upon t h e  r e s u l t s  o f  t h i s  s t u d y ,  i t  a p p e a rs  t o  
be u s e f u l  t o  te a c h  s i x t h  g ra d e  s t u d e n t s  t h e  c o n c e p t  o f  
v a r i a b l e  th r o u g h  com puter program m ing a c t i v i t i e s .
A lth o u g h  no s i g n i f i c a n t  d i f f e r e n c e  was fo u n d  be tw een  t h e  
t e x t b o o k - b a s e d  and t h e  com puter  program m ing ap p ro ach  i n  
t e a c h in g  t h e  c o n c e p t  o f  v a r i a b l e ,  t h e r e  was a s i g n i f i c a n t  
d i f f e r e n c e  f o r  r e t e n t i o n  t e s t  s c o r e s .  The com puter  
a c t i v i t i e s  p r e s e n t e d  a c o n c r e t e  ap p ro ach  t h a t  ap p ea re d  t o  
p r o v id e  f o r  s i x t h  g ra d e  s t u d e n t s '  l e a r n i n g  and lo n g - t e r m  
r e t e n t i o n  o f  t h e  c o n c e p t .  These  f i n d i n g s  p r o v id e  a b a s is  
f o r  an e a r l y  i n t r o d u c t i o n  o f  t h e  c o n c e p t  o f  v a r i a b l e  i n
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e le m e n ta r y  sch o o l th ro u g h  co m p u ter  program m ing  a c t i v i t i e s .  
F u r th e r m o r e ,  t h e  a c t i v i t i e s  used i n  t h i s  s tu d y  a p p ea r  t o  
p r o v id e  a medium by w hich  t h i s  can be a c c o m p l is h e d .  The  
e f f e c t i v e n e s s  o f  t h i s  ap p ro ach  seems t o  be r e l a t e d  t o  
s t u d e n t s '  c o g n i t i v e  and a f f e c t i v e  e n t r i e s .  F u r t h e r  
r e s e a r c h  i s  n e c e s s a ry  f o r  a b e t t e r  u n d e r s ta n d in g  o f t h e  
r o l e s  t h a t  s t u d e n t s '  m a th e m a t ic s  a c h ie v e m e n t  and l o g i c a l  
t h i n k i n g  p la y  in  t h e  i n s t r u c t i o n a l  p r o c e s s .
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APPENDIX A
P r e - t r e a t m e n t  I n s t r u c t i o n a l  L esso n s  
Lesson 1 -  In t r o d u c in g  t h e  T u r t l e
Lesson_Focus
To in t r o d u c e  t h e  t u r t l e  and th e  t u r t l e  g r a p h ic s  
w o r ld ,  i n t r o d u c e  LOGO p r i m i t i v e  commands, us e  s h o r t c u t s  t o  
w r i t e  th e s e  p r i m i t i v e  commands, and make t h e  t u r t l e  draw  
d e s i  gns.
M a t e r i a l s
LOGO on t h e  c la s s ro o m  c o m p u te rs ,  c o p ie s  o f  MAZE 1,
MAZE 2 ,  A c t i v i t i e s  1 ,  2 and 3 ,  p e n c i l s ,  p r o c t r a c t o r  
t r a n s p a r e n c y , and c h a lk b o a r d .
§LQ!=!E_Size
W h o le - c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s ) . 
l i O j e - f Q C - A c t i y i t i e s
I n t r o d u c t i o n  10 m in u te s  (MAZE 1 and 2 ) ,  e ach  s tu d e n t  
a t  t h e  co m p u ter  f o r  A c t i v i t y - 1  10 m in u te s ,  f o r  A c t i v i t y - 2  
15 m in u te s ,  and f o r  A c t i v i t y - 3  15.
I§ a c h in g _ N g t e s
1. Load t h e  LOGO lan g u ag e  b e f o r e  s t u d e n t s  s t a r t  
w o rk in g  a t  t h e  c o m p u te rs .
2 .  T e l l  t h e  s t u d e n t s  t h a t  th e y  a r e  g o in g  t o  l e a r n  
how t o  draw  d e s ig n s  on th e  com puter s c re e n  u s in g  a 
com puter la n g u a g e  c a l l e d  LOGO. Ask s t u d e n t s  t o  s ta n d  up 
and f o l l o w  some commands you a r e  g o in g  t o  g i v e .  T h is  
a c t i v i t y  i s  t o  h e lp  s t u d e n t s  u n d e rs ta n d  t h e  f o u r  b a s ic  
LOGO commands: FORWARD, BACK, RIGHT, and LE FT . G iv e  th e
f o l l o w i n g  commands t o  th e  s t u d e n ts :  FD 3  RT 90  BK 3  LT 90
RT 90 LT 180 . E x p l a i n  t h a t  th e  t u r t l e  t u r n s  a ro u n d  u s in g  
d e g r e e s .  D i s t r i b u t e  c o p ie s  o f  MAZE 1 t o  t h e  s t u d e n t s .  
A llo w  t h e  s t u d e n t s  t o  work in d e p e n d e n t ly .  Do t h e  same f o r  
MAZE 2 .
3 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  1 and t h e  
p r o c t r a c t o r  t r a n s p a r e n c y  t o  t h e  s t u d e n t s .  N o t i c e  t h a t  
t h i s  a c t i v i t y  u ses  a  g u id e d  d ic o v e r y  a p p ro a c h .  A l lo w  them  
t o  work in d e p e n d e n t ly  a t  t h e  com puters  f o r  15 m in u te s .
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Make s u re  s tu d e n t s  w r i t e  t h e  t u r t l e ' s  messages. In  
e x e r c is e  5 ,  th e y  need t o  s k e tc h  what s e v e r a l  commands do .  
Remind them t o  p r e s s  t h e  RETURN key each t im e  t h e y  f i n i s h  
t y p in g  a l i n e ,  and o b s e rv e  i f  t h e  t u r t l e  moves o r  n o t  
a f t e r  each command. E x p la in  how t o  use t h e  p r o c t r a c t o r s  
t o  measure a n g le s .
4 .  As th e y  w o rk ,  answ er any q u e s t io n  t h e y  m ig h t  
h a v e .  I t  i s  im p o r t a n t  t h e y  u n d e rs ta n d  what each LOGO 
command i s ,  and what i t  d o e s .  Make s u re  t h e y  u n d e r s ta n d  
t h a t  each command s t a r t s  w here  t h e  l a s t  one e n d ed , and  
t h a t  fo rw a rd  can be in  d i f f e r e n t  d i r e c t i o n s  d e p e n d in g  on 
d i r e c t i o n  t h e  t u r t l e  i s  f a c i n g  when th e  command FORWARD i s  
g iv e n .  Sometimes i t  i s  d i f f i c u l t  t o  d e te r m in e  i n  w h ich  
d i r e c t i o n  th e  t u r t l e  i s  h e a d in g .  S tu d e n ts  s h o u ld  n o t i c e  
t h a t  th e  p o in t  i s  a l l  w h i t e ,  and th e  base has  a b la c k  
a r e a .  The t u r t l e  w i l l  t u r n  in  th e  d i r e c t i o n  g iv e n  by t h e  
commands RIGHT (c lo c k w is e )  o r  LEFT ( c o u n t e r c l o c k w i s e ) .
5 .  H e lp  s t u d e n t s  u n d e rs ta n d  t h a t  th e  c o m p u te rs  w i l l  
n o t  check f o r  m is t a k e s .  S tu d e n ts  must work c a r e f u l l y  and 
check th e m s e lv e s .  Each t im e  t h e y  e n t e r  a command i n  t h e  
com puter i t  must be i n  t h e  e x a c t  fo rm  s p e c i f i e d ,  i n c l u d i n g  
c o r r e c t  s p e l l i n g ,  s p a c in g ,  and t h e  use o f  s p e c i a l  keys  
when n e c e s s a ry .  H e lp  s t u d e n t s  c o r r e c t  e r r o r s .
6 . D i s t r i b u t e  c o p ie s  o f  A c t i v i t i e s  2 and 3  t o  t h e  
s tu d e n t s .  A l lo w  them work in d e p e n d e n t ly  (o r  by p a r t n e r s )  
a t  th e  c o m p u te rs .  These  a c t i v i t i e s  p r o v id e  s t u d e n t s  w i t h  
t h e  o p p o r t u n i t y  t o  e x p l o r e  d i f f e r e n t  LOGO p r i m i t i v e  
commands, i n c lu d i n g :  DRAW, FORWARD, BACK, R IG HT, LEFT,
PENUP, PENDOWN, BHOWTURTLE, HIDETURTLE and HOME.
7 .  H e lp  s t u d e n t s  e x p l o r e  t h e  p r i m i t i v e  commands 
p re s e n te d  in  t h e s e  a c t i v i t i e s .  HOME i s  an e x t r e m l y  u s e f u l  
command, e s p e c i a l l y  when t h e  t u r t l e  i s  o u t  o f  r a n g e .  I t  
i s  t h e  name o f  t h e  o r i g i n a l  p o s i t i o n  o f t h e  t u r t l e ,  i n  t h e  
c e n t e r  o f t h e  s c re e n  f a c i n g  up . A t any t i m e ,  i f  t h e y  want  
t h e  t u r t l e  t o  r e t u r n  t o  i t s  home p o s i t i o n ,  t h e y  j u s t  need  
t o  e n t e r  t h e  word HOME. E v e r y t h in g  on t h e  s c re e n  w i l l  
re m a in  as i s  e x c e p t  f o r  t h e  t u r t l e ' s  l o c a t i o n ,  p lu s  t h e  
t u r t l e  le a v e s  a t r a i l  f ro m  w here  i t  was t o  i t s  home.
8 . H e lp  s t u d e n t s  o b s e rv e  t h a t  th e  p r i m i t i v e  command 
PENUP o r  F'U l i f t s  t h e  pen up so no d ra w in g  o c c u r s ,  and  
t h a t  a f t e r  t h e y  h ave  l o c a t e d  t h e  t u r t l e  i n  t h e  s p o t  w h ere  
t h e y  in te n d  t o  resum e d r a w in g ,  t h e y  need t o  e n t e r  PENDOWN 
o r  F'D. O n ly  by t y p i n g  PENDOWN o r  PD and p r e s s in g  RETURN 
w i l l  th e  t u r t l e  b e g in  d ra w in g  a g a in .
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Name A c t i v i t y  1
T a lk in g  to  the T u r t le
1 . You are  going to  le a rn  how to  draw designs on the computer screen using  
t u r t le  g rap h ics . Type DRAW, then press RETURN and you w i l l  see the t u r t l e .
2 . Sketch what you see on the screen . T h is  I I
is  a p ic tu re  o f the t u r t le  and the t u r t le 's  I I
w o rld . The t u r t le  is  a t i t s  HOME p o s it io n . I I
Note th a t i t  is  •facing or heading s tra ig h t  I I
up, in the cen te r o f the screen . I ______________________________ I
3 . Type each of the fo llo w in g  commands and press RETURN. Record the message
you see when you g ive  each of the fo llo w in g  commands to  the t u r t l e .
COMMAND TURTLE'S MESSAGE
a . MOVE  *_______________________________________________
b. FORWARD
C. BACKWARD
d. BACK
e . TURN
f .  RIGHT
g . LEFT _______________________________________________________________
4. The t u r t le  has a d ic t io n a r y  of words or commands c a lle d  " p r im it iv e s ."  
The words MOVE, BACKWARD, and TURN are not in the t u r t l e 's  d ic t io n a r y .  
What message does the t u r t le  g ive  you when you g ive  i t  a command th a t 
is  not in i t s  d ic t io n a ry ?
The commands FORWARD, BACK, RIGHT, and LEFT are  in the t u r t l e 's  
d ic t io n a r y , but these commands need more in fo rm a tio n . What message does 
the t u r t le  g ive  you when you g ive  a command th a t needs more in form ation?
5 . T ry  these commands and sketch  what you see the t u r t le  draw a f t e r  you 
g ive  a l l  the commands. Observe how the t u r t le  moves.
FORWARD 30 Sketcht
RIGHT 90 
BACK 50 
LEFT 120
Each t in y  movement the t u r t le  makes fo rw ard  or back is  c a l le d  a t u r t le  
s te p . For exam ple, the command FORWARD 10 in d ic a te s  10 t u r t le  s tep s .
Each movement the t u r t le  makes when i t  tu rn s  around to  the r ig h t  or l e f t  
is  c a lle d  a degree. For exam ple, the command RIGHT 90 in d ic a te s  th a t 
the t u r t le  tu rn s  around 90 degrees. See the p ro c tra c to r  in next page.
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Ac t i v i  ty 1 cont inued . . .
PROCTRACTOR
RT
Oft o il o i'
The chart below summarizes the keys and fu n c tio n s  you w i l t  need when you are 
ty p in g  the d if fe r e n t  commands. The computer w i l l  not check fo r  m istakes . You 
must work c a re fu l ly  and check and c o rre c t y o u r s e lf . Each tim e you e n te r a 
command in the computer i t  must be in the exact form s p e c if ie d , in c lud ing  
c o rre c t s p e ll in g , spacing and the use o f sp ec ia l keys when necessary.
The n o ta tio n  SHIFT-N means to  depress the SHIFT key and press the N key a t the
same tim e . The n o ta tio n  CONTROL-F is  s im ila r ,  but the CONTROL key is  to  be
depressed w h ile  the F key is  pressed.
KEY(S> TO PRESS TO DO
SPACE BAR spacing
RETURN re tu rn  c o n tro l to  computer
ESC going backward wi th eraser
<------ ooina backward w ith o u t e raser
------- > ooino fo rw ard  w ith o u t e raser
CONTROL-F fu lls c re e n -u s e s  whole screen to  show graphics  
w orld
CONTROL-S sp litscreen -sh o w s most o f graphics w o rld  and 
4 te x t 1 ines
CONTROL-T tex tscreen -use  whole screen to  show te x t  lin e s
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Name ____________________________________________  A c t i v i t y  2
T u r t le  Drawing
The f i r s t  se t o f p r im it iv e  commands to  exp lo re  co nta in s :
DRAW FORWARD BACK RIGHT LEFT
Help the t u r t le  draw by g iv in g  the commands below . Remember to  press RETURN 
a f t e r  you type each l in e .  In the space next to  each l i s t  o f commands, sketch
what the t u r t le draws a f t e r  you g iv e  a l l the commands to the t u r t l e .
1. DRAW Sketch:
1
1 2 . DRAW Sketch:
RIGHT 30 1 FORWARD 100
FORWARD 20 1 RIGHT 90
LEFT 60 1 FORWARD 100
BACK 20 1 RIGHT 90
RIGHT 60 1 FORWARD 100
FORWARD 20 1 RIGHT 90
LEFT 60 1 FORWARD 100
BACK 20 1 RIGHT 90
LEFT 60 1
FORWARD 40 1
1
3 . DRAW Sketch:
1
I 4 . DRAW Sketch:
FORWARD 40 1 BACK 10
LEFT 120 1 RIGHT 90
FORWARD 40 1 FORWARD 50
LEFT 120 1 LEFT 90
FORWARD 40 1 FORWARD 10
LEFT 120 1
1
1
1
1
LEFT 90 
FORWARD 50 
RIGHT 90
5 . DRAW Sketch:
1
1 6 . DRAW Sketch:
LT 45 1 FD 30
FD 30 1 RT 135
BK 30 1 FD 40
RT 90 1 LT 135
FD 30 1 FD 30
BK 30 1
LT 45 1
BK 40 1
1
1
1
1
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S hortcuts
You can use sh ortcu ts  'for these commands:
COMMAND SHORT FORM COI-MAND SHORT FORM
FORWARD FD PENDOWN PD
BACK BK PENUP PU
RIGTH RT SHOWTURTLE ST
LEFT LF HI DETURTLE HT
Help the t u r t le  draw by g iv in g  the commands below. In  the space next to  each
l i s t  of commands, sketch what the t u r t le  draws a f t e r  to  g ive  the l i s t  of
commands.
Observe th a t the command PU l i f t s  the t u r t l e 's  pen up so no drawing occurs , and 
a f t e r  you have lo ca ted  the t u r t le  in  the spot where you want to  s t a r t  d raw ing, 
you need to  type PD arid press RETURN. Only by typ ing  PD and p ress in g  RETURN
w i l l  the t u r t le  begin drawing a g a in .
1. DRAW Sketch:
1
1 2 . DRAW Sketch:
RT 90 1 RT 90
PENUP 1 PU
FD 20 1 FD 20
PENDOWN 1 PD
FD 20 1 FD 20
PENUP 1 PU
LT 90 1 LT 90
FD 10 1 FD 10
PENDOWN 1 PD
FD 10 1 FD 10
HOME 1 HOME
1
1
3 . DRAW Sketch:
1
1 4 . DRAW Sketch:
HIDETURTLE 1 HT
BK 20 1 PU
FD 20 1 RT 30
LT 90 1 FD 20
FD 20 1 ST
BK 90 1 PD
FD 20 1 FD 40
LT 90 1 PU
FD 20 1 HT
PU 1 HOME
SHOWTURTLE 1 LT 30
RT 45 i FD 30
FD 10 1 PD
PD 1 BK 10
FD 10 1 HOME
PU 1 ST
BK 30 1
PD 1
BK 10 1
HIDETURTLE 1
1
5^
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Lesson 2 -  More T u r t l e  W orld
Lesson_Focus
To make t h e  t u r t l e  draw  d e s ig n s ,  re c o r d  t h e  commands 
needed t o  draw a d e s ig n ,  and s k e tc h  th e  d e s ig n s  t h e  t u r t l e  
draw s .
M a t e r i a l s
LOGO on t h e  c o m p u te rs ,  A c t i v i t i e s  4 and 5 ,  p e n c i l s  , 
and c h a lk b o a rd .
G roup_B i2 e
W h o le -c la s s ,  and i n d i v i d u a l s  (o r  p a r t n e r s ) . 
I i f f ls _ iQ L _ A c t i .v i . t i .e s
Whole c la s s  d is c u s s io n  5  m in u te s ,  each s t u d e n t  on t h e  
com puters  f o r  A c t i v i t y - 4  20  m in u te s ,  and f o r  A c t i v i t y - 5  25  
mi n u te s .
I§§EbiQ9_!i!si§§
1. Load t h e  LOGO la n g u a g e  b e f o r e  s tu d e n ts  s t a r t  
w o rk in g  on th e  c o m p u te rs .
2 . Rev iew  w i t h  t h e  s t u d e n t s  th e  f a c t  t h a t  t h e y  have  
been g iv in g  t h e  t u r t l e  commands t h a t  make i t  draw  on t h e  
s c re e n .  In  t h i s  le s s o n  t h e y  a r e  g o in g  t o  h ave  t h e  
o p p o r t u n i t y  t o  draw more d e s ig n s  u s in g  t h e  t u r t l e  g r a p h ic s  
and th e  commands t h e y  h a ve  l e a r n e d  so f a r .
3 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  4 t o  t h e  s t u d e n t s .  
A llo w  them t o  work i n d e p e n d e n t ly .
4 . In  e x e r c is e  1 ,  t h e y  s h o u ld  draw ( r o u g h ly )  t h e  
r e s u l t i n g  s t a i r ,  i l l u s t r a t e d  b e lo w :
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5 .  E x e r c is e  2  i s  a s e r i e s  o f  commands t h a t  w i l l  make 
a f a m i l i a r  o b j e c t .  S tu d e n ts  s h o u ld  p r e d i c t  what each  
i n s t u c t i o n  w i l l  do b e f o r e  th e y  e n t e r  t h e  command. T h is  i s  
h e l p f u l  in  a n t i c i p a t i n g  movements when t h e y  b e g in  t o  
d e s ig n  t h e i r  own p r o j e c t s .  The g r a p h ic  t h e y  e n t e r e d  i s  
number one (s e e  t h e  f i g u r e  a b o v e ) .  They m ig h t  n o t i c e  some 
d i s t o r t i o n  on t h e i r  s c re e n  c a u s in g  t h e  c o r n e r s  o f  th e  
l i n e s  t o  a p p e a r  as i f  t h e y  w ere  g o in g  beyond t h e  bounds o f  
t h e  o b j e c t .  T h i s  o c c u rs  in  some m o n i to r s  and n o t  on 
o t h e r s .  F o r  now, t e l l  th e  s tu d e n ts  n o t  t o  w o rry  a b o u t i t  
as i t  does n o t  i n d i c a t e  t h a t  t h e i r  p ro g ram  i s  i n a c c u r a t e .
CS
BK. 4 0  
FD 100  
LT 90  
FD 20  
RT 135  
FD 7 5  
RT 135  
FD 154  
LT 90  
FD 15 
RT 90  
FD 10 
RT 90  
FD 63  
RT 90  
FD 10 
RT 90  
FD 16
6 . F o r  e x e r c i s e s  3 ,  4 ,  5  and 6  o f  a c t i v i t y  4 ,  use  
a t t r i b u t e  b lo c k s  t o  show t h e  s t u d e n t s  how t h e  t u r t l e  move 
and t u r n .  A l lo w  them t o  use t h e  a t t r i b u t e  b lo c k s  as  
c o n c r e t e  r e p r e s e n t a t i o n s .
7 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  5  t o  t h e  s t u d e n t s .  
A llo w  them  t o  work in d e p e n d e n t ly  (o r  by p a r t n e r s )  a t  th e  
c o m p u te rs .
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Name _________________________________________  A c t i v i t y  4
T u r t le  Designs
Type DRAW and press RETURN to  -find the t u r t l e .  So fa r  you have been g iv in g  the 
t u r t le  commands th a t make i t  draw on the screen. In  th is  a c t i v i t y  you are going 
to  have the o p p o rtu n ity  to  draw more designs.
Use the commands below to  do the fo llo w in g  e x e rc is e s .
FORWARD <FD> PENDOWN (PD)
BACK (BK) PENUP (PU)
RIGHT (RT) DRAW
LEFT (LT) HOME
Read the commmands and sketch what you th in k  the l i s t  o f commands w i l l  t e l l  the 
t u r t le  to  draw. Then check your p re d ic tio n  by g iv in g  the l i s t  of commands to  
the t u r t l e .  I f  your p re d ic tio n  was in n a c u ra te , c o rre c t your ske tch .
1. DRAW Sketch;
FD 25 
RT 90 
FD 25 
LT 90 
FD 25 
RT 90 
FD 25 
LT 90 
FD 25 
RT 90 
FD 25 
LT 90
2 . DRAW Sketch:
BK 40 
FD 100 
LT 90 
FD 20 
RT 135 
FD 75 
RT 135 
FD 154 
LT 90 
FD 15 
RT 90 
FD 10 
RT 90 
FD 63 
RT 90 
FD 10 
RT 90 
FD 16
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A c t i v i t y  4 conTi-nired . . .
Use the commands below to  help  the t u r t le  draw each d es ig n . Record the commands 
you use.
FORWARD (FD) SHOUTURLTE (ST)
BACK (BK) HIDETURTLE (HT)
RIGHT (RT) PENDOWN (PD)
LEFT (L T ) PENUP (PU)
HOME
1 .
Commands:
3 .
Commands:
2.
4.
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N am e__________    A c t iv i t y  5
T u r t le  C reations
You can make the t u r t le  draw your i n i t i a l s ,  or a l ig h t in g  b o l t ,  or a •face, or 
anyth ing  e lse  you can im agine. Use the commands below to  c re a te  your own 
des ig n . Record the commands you use and sketch the design the t u r t le  draws.
FORWARD <FD) PENDOWN <PD>
BACK (BK) PENUP (PU)
RIGHT (RT) DRAW
LEFT (L T ) HOME
Commands! Sketch:
i
;—
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Lesson 3 -  P ro c e d u re s
Lessgn_Fgcus
To e n t e r  a LOGO p r o c e d u re  i n t o  t h e  c o m p u te r ,  d is c o v e r  
th e  r e s u l t  a f  e x e c u t in g  t h e  p r o c e d u r e ,  and e d i t  
p ro c e d u re s .
M a t e r i a l s
LOGO on t h e  c la s s ro o m  c o m p u te rs ,  c o p ie s  o f  A c t i v i t i e s  
6  and 7 ,  p a p e r s ,  p e n c i l s ,  and c h a lk b o a r d .
@C2 y E _ S i 2 .e
W h o le - c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s )  .
Ii!2§_fSC_0£tiYiti§l
Each s t u d e n t  on t h e  co m p u ter  f o r  A c t i v i t y - 6  20  
m in u te s  and f o r  A c t i v i t y - 7  30  m in u te s .
le a c h in g _ N o te s
1. The s tu d e n ts  s h o u ld  have  had e x p e r ie n c e  w i t h  LOGO 
p r i m i t i v e  commands DRAW, FORWARD, BACK, RIGHT and LEFT. 
They s h o u ld  be f a m i l i a r  w i t h  t h e  g e n e r a l  id e a  o f  p r o c e d u re  
as a s e t  o f  i n s t r u c t i o n s  f o r  p e r fo r m in g  a t a s k .
2 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  6  t o  t h e  s t u d e n t s .  
A llo w  them t o  work in d e p e n d e n t ly .
3 .  F o r  e x e r c is e  2 . e  t h e  s t u d e n t s  s h o u ld  draw  
( r o u g h ly )  t h e  r e s u l t i n g  s q u a r e ,  i l l u s t r a t e d  b e lo w :
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4 .  H e lp  s t u d e n t s  u n d e rs ta n d  how t o  te a c h  t h e  t u r t l e  
t o  remember a p r o c e d u r e .  D i s t r i b u t e  c o p ie s  a *  A c t i v i t y  6  
t o  th e  s t u d e n t s .  A l lo w  them t o  work in d e p e n d e n t ly .
5 .  Remind s t u d e n t s  t h a t  th e  computer w i l l  n o t  check  
f o r  m is t a k e s .  They must work c a r e f u l l y  and check  
th e m s e lv e s .  Remind s t u d e n t s  t o  use th e  c o r r e c t  s p e l l i n g  
o f  th e  p r o c e d u re  name.
6 . A f t e r  s t u d e n t s  f i n i s h  w ork ing  w i th  A c t i v i t y  6 , 
d i s t r i b u t e  c o p ie s  o f  A c t i v i t y  7 .  T e l l  th e  s t u d e n t s  t h a t  
now th e y  a r e  g o in g  t o  l e a r n  how t o  change t h e  t u r t l e ' s  
mind u s in g  t h e  E D IT  command. Then a l lo w  them work  
in d e p e n d e n t ly  (o r  by p a r t n e r s )  on th e  c o m p u te rs .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
218
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Teaching the T u r t le  to  Remember 
T h is  a c t iv i t y  p resen ts  the use of procedures to  help  the t u r t l e  remember.
A procedure is  a s te p -b y -s te p  d e s c rip tio n  of doing som ething.
1. Type the fo llo w in g  words and press RETURN,
a . SQUARE b . RECTANGLE
Does the t u r t le  know these words? ______
Llhat message do you see when you g ive  each command?
2 . Teach the t u r t le  the procedure SQUARE by fo llo w in g  the s tep s  below .
a . F i r s t  e n te r  the EDIT mode and t e l l  the t u r t le  the name of the  
procedure you want i t  to  remember by typ in g :
TO SQUARE
Any o th er name can be used fo r  th is  purpose, fo r  exam ple, BOX.
b . D e fin e  the command in the procedure SQUARE by ty p in g :
FD 40 
RT 90 
FD 40 
RT 90 
FD 40 
RT 90 
FD 40 
RT 90
c . In d ic a te  th a t you are  f in is h e d  d e fin in g  the procedure SQUARE by 
ty p in g : END
d. Press CONTROL and C a t  the same time to  d e fin e  the procedure SQUARE.
d . Now the t u r t le  knows how to  SQUARE. S ketch:
Type SQUARE and press RETURN. Then sketch  
what the t u r t le  draws.
S. Teach the t u r t le  the procedure TRIANGLE.
TO TRIANGLE Sketch:
FD 40 
RT 120 
FD 40 
RT 120 
FD 40 
RT 120 
END
Press CONTROL and C a t the same tim e to  d e fin e  the procedure TRIANGLE. 
Now type TRIANGLE, press RETURN and sketch what the t u r t l e  draws in 
the space p rovided  above.
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Act i v i  ty 6 cont inued . . .
4 . Teach the t u r t le  the procedure HOUSE. N o tice  th a t th is  procedure uses 
the procedures SQUARE and TRIANGLE as commands.
TO HOUSE Sketch:
SQUARE 
FD 40 
RT 30 
TRIANGLE 
END
Press CONTROL and C a t the same time to  d e fin e  the procedure HOUSE. 
Type DRAW and press RETURN. Now type HOUSE, press RETURN and sketch  
what the t u r t le  draws in the space provided above.
5 . See what new words are  in the New Words:
t u r t l e 's  d ic t io n a ry  in the
memory o f the computer _ _ _ _ _ _ _ _ _ _ _ _
by typ ing :
PRINTOUTITLES OR POTS
Record the New Words the t u r t le  knows.
The c h a rt below shows ten usefu l e d it in g  commands. They a re  to  be used in the 
EDIT mode of the com puter. Remember th a t the computer w i l l  not check fo r  
m istakes . Observe th a t the n o ta tio n  C0NTR0L-D means to  depress the CONTROL key 
and press the D key a t the same tim e .
KEY (S> TO PRESS TO DO
ESC back up and erase one ch arac te r
----- > oo r io h t  w ith o u t eras ino
<------ oo l e f t  w ith o u t e ras ino  (Backward)
C0NTR0L-D d e le te  the ch arac te r under the cursor (D e le te )
C0NTR0L-K d e le te  te x t  from cursor p o s it io n  to  end
C0NTR0L-N go to  next 1 ine (N ext)
CGNTROL-P go to  p rev ious lin e  (P rev io u s )
CONTROL-O open a space to  in s e rt a l in e  (Open)
CONTROL-C e x i t  e d ito r  and add procedure to  d ic t io n a r y  (Complete)
C0NTR0L-G e x i t  e d ito r  w ith o u t d e fin in g  procedure (Gone)
ft**"
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Name Ac t i v i ty  7
Changing the T u r t le 's  Mind
Before you begin th is  a c t i v i t y ,  be sure the t u r t le  Knows the words SQUARE, and 
TRIANGLE th a t were taught in A c t iv i ty  6.
Using EDIT, you can change the procedures th a t you have taught the t u r t l e .  To 
e d it  the procedure SQUARE, type:
EDIT SQUARE
The commands in the procedure SQUARE w i l l  appear on the screen . Use the e d it in g  
commands l is te d  in your Personal Logo D ic tio n a ry  to  make changes to  the commands 
in the procedure.
1. Change the fo llo w in g  procedures to  make the t u r t le  draw a d if fe r e n t  
SQUARE, a d i f f e r e n t  TRIANGLE, and a d i f f e r e n t  HOUSE. Remember to  type 
CONTRQL-C to  e n te r the new procedure in to  the t u r t l e 's  d ic t io n a ry  in the 
memory o f the com puter.
EDIT SQUARE b . EDIT TRIANGLE c . EDIT HOUSE
FD 50 FD 50 SQUARE
RT 90 RT 120 FD 50
FD 50 FD 50 RT 30
RT 90 RT 120 TRIANGLE
FD 50 FD 50 END
RT 90 RT 120
FD 50 END
RT 90 
END
d. Give the command HOUSE to  the t u r t l e .  You may need to  f i x  some 
o f the procedures i f  you have made any e rro rs  in the changes.
2. Change the commands in the procedures SQUARE, TRIANGLE and HOUSE to  
make the t u r t le  draw a b igger HOUSE th a t have s id e s  equal to  60 
t u r t le  s te p s . Record your new commands fo r  each procedure below.
EDIT SQUARE EDIT TRIANGLE EDIT HOUSE
3. E d it the procedures the t u r t le  a lre a d y  knows or c re a te  your own
procedures to make a des ign . Remember you need to  name your procedure, 
e n te r the procedure in the computer memory, and dem onstrate th a t the 
procedure works by t e l l i n g  the t u r t le  to execute the procedure. You may 
need to  f i x  the procedure i f  you have made any e r r o r s .  Record your commands 
fo r  the procedure and sketch your design on p aper. You can use the design  
you c re a te d  in A c t iv i t y  5 fo r  th is  e x e rc is e .
Commands: Sketch:
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Lesson 4 -  M o d i fy  P ro c e d u re s  and R e p e a t  Command 
kgsson_Fgcus
To m o d ify  ( e d i t )  a LOGO p r o c e d u re  t o  make i t  
a c c o m p lis h  a new b u t  s i m i l a r  t a s k ,  name p r o c e d u r e s ,  
d e v e lo p  a p r o c e d u re  u s in g  t h e  Logo p r i m i t i v e  command 
REPEAT, and use p r o c e d u re s  w i t h i n  a p r o c e d u re  t o  make th e  
t u r t l e  draw  a d e s ig n .
M a t e r i a l s
LOGO on t h e  c o m p u te rs ,  A c t i v i t i e s  8  and 9 ,  p a p e r ,  
p e n c i l s ,  and c h a lk b o a r d .
§ rg u g _S i.ze
W h o le - c la s s ,  and i n d i v i d u a l s  (o r  p a r t n e r s ) .
Time f o r  Ac t i v i t i e s
Each s t u d e n t  on t h e  com puter f o r  A c t i v i t y - 8  20  
m in u te s ,  and f o r  A c t i v i t y - 9  30 m in u te s .
le a c h in g _ N o te s
1. Load t h e  LOGO la n g u a g e  b e f o r e  s t u d e n t s  s t a r t  
w o rk in g  on t h e  c o m p u te rs .
2 .  Remind them t o  t y p e  CONTROL-C t o  e n t e r  t h e  
p r o c e d u re  in  t h e  c o m p u te r 's  memory and t o  t y p e  t h e  
commands c o r r e c t l y .
3 .  H e lp  s t u d e n t s  n o t i c e  t h a t  t h e  REPEAT command has  
t h r e e  n e c e s s a r y  com ponents a r e  n e c e s s a r y .  They  a r e  th e  
word REPEAT, t h e  number o f  t im e s  you w ant s o m eth in g  t o  
r e p e a t  ( i n  t h i s  c as e  4 t i m e s ) , and t h e  a c t u a l  s e t  of  
i n s t r u c t i o n s ,  e n c lo s e d  i n  b r a c k e t s  ( i n  t h i s  c as e  FD 40  RT 
9 0 ) .  The f i r s t  t im e  t h e  l i n e  i s  r e a d ,  t h e  t u r t l e  w i l l  go 
upward 40  s t e p s  and t u r n  90  d e g re e s  t o  t h e  r i g h t .  The  
n e x t  t im e  i t  w i l l  t r a v e l  40  s te p s  to w a rd  t h e  r i g h t  o f  th e  
s c re e n  and make a 90  d e g re e  t u r n  so t h a t  i t  i s  f a c in g  
down. The t h i r d  t im e  a round  i t  w i l l  p ro c e e d  5 0  s te p s  
a g a in ,  t u r n  r i g h t  ( f a c i n g  t h e  c e n t e r  n o w ) ,  and make i t ' s  
l a s t  90  d e g re e  t u r n ,  l e a v in g  i t  w here  i t  b egan . The 
program  i s  now f i n i s h e d .
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4 . D i s t r i b u t e  c o p ie s  o-f A c t i v i t y  8 , and a l l o w  them  
t o  work in d e p e n d e n t ly  (o r  by p a r t n e r s )  on t h e  c o m p u te rs .  
They m igh t need t o  e d i t  some commands i f  t h e  p r o c e d u re s  do  
n o t  work. Remind them  t o  check  s p e l l i n g ,  s p a c in g ,  and any  
s p e c ia l  s ig n s .
5 .  A f t e r  s t u d e n t s  - f in is h  t h e  above a c t i v i t y ,  
d i s t r i b u t e  c o p ie s  o f  A c t i v i t y  9 ,  and a l lo w  them t o  work  
in d e p e n d e n t ly  (o r  by p a r t n e r s )  on th e  c o m p u te rs .
6 . I f  t h e  s t u d e n t s  f i n i s h  b e fo r e  t h e  c la s s  p e r io d  
has e x p i r e d ,  ask them t o  c r e a t e  t h e i r  own d e s ig n s  u s in g  
t h e  REPEAT command, d e m o n s t r a te  t h a t  t h e  p r o c e d u re s  work  
by t e l l i n g  t h e  t u r t l e  t o  e x e c u te  them , and t o  r e c o r d  t h e i r  
commands f o r  each p r o c e d u re  and s k e tc h  t h e i r  d e s ig n s .
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Name _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A c t iv i t y  8
E as ie r Ways fo r  You
The p r im it iv e  command REPEAT can save you some ty p in g . T h is  command uses 
b racke ts : I 3
Help the t u r t le  draw by e n te r in g  the fo llo w in g  procedures in the com puter's  
memory. Demonstrate th a t the procedures work by t e l l i n g  the t u r t l e  to  execute  
them. Type DRAW and press RETURN a f t e r  each procedure is  execu ted . In  the 
space under each p rocedure , sketch  what the t u r t le  draws.
TO SQUARE 
FD 50 
RT 90 
FD 50 
RT 90 
FD 50 
RT 90 
FD 50 
RT 90 
END
Sketch:
3 . TO LINES
REPEAT 18IFD 40 BK 40 RT 201 
END
Sketch:
2 . TO NEW.SQUARE
REPEAT 4IFD  50 RT 903 
END
Sketch:
4 . TO TRIANGLE
REPEAT 3IFD 40 RT 1203 
END
Sketch:
sr-
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P re d ic t in g  w ith  REPEAT
Read each procedure and sketch  what you th in k  the procedure w i l l  t e l l  the t u r t le  
to  draw. Decide on a word to  use as the name of each procedure. Then check 
your p re d ic tio n  by t e l l i n g  the t u r t le  to  execute the procedure . I f  your 
p re d ic tio n  was in a c u ra te , c o rre c t your ske tch . Do not use the same name tw ic e .
1 . TO ________________________
REPEAT 41FD 20 BK20 RT 903 
END
Sketch.1
3 . TO ____________________
REPEAT 4tFD 30 RT 403 
END
Sketch:
2 . TO ____________________
REPEAT 5tFD 30 RT 723 
END
Sketch:
4 . TO ____________________
REPEAT 91FD 30 RT 403 
END
Sketch:
T O ______________________
REPEAT 12CFD 30 RT 303 
END
Sketch:
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Lesson 5 -  More R ep eat Command
Lesson_Focus
To d e v e lo p  a p ro c e d u re  u s in g  t h e  LOGO p r i m i t i v e  
command REPEAT, and use th e  T o t a l  T u r t l e  T r i p  Theorem t o  
d e v e lo p  a p r o c e d u r e .
M a t e r i a l s
LOGO on t h e  c o m p u te rs ,  A c t i v i t i e s  10 and 1 1 ,  p e n c i l s ,  
and c h a lk b o a r d .
@C9UE_§i.ie
W h o le - c la s s ,  and i n d i v i d u a l s  (o r  p a r t n e r s ) .  
I iO Q g _fQ L _A cti .v i . t i  es
Each s t u d e n t  (o r  by p a r t n e r s )  on t h e  com puter  -for  
A c t i v i t y - 1 0  20  m in u te s ,  and f o r  A c t i v i t y  11 30  m in u te s .
Is a c h i .n g _ N o te s
1. Load t h e  LOGO la n g u a g e  b e f o r e  s t u d e n t s  s t a r t  
w o rk in g  on t h e  c o m p u te rs .
2 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  10 t o  t h e  s t u d e n t s .  
A l lo w  them t o  work in d e p e n d e n t ly  (o r  by p a r t n e r s )  on t h e  
co m p u te rs .  H e lp  them u n d e rs ta n d  t h a t  when t h e y  w r i t e  
p ro c e d u re s  t o  h a ve  t h e  t u r t l e  c o n s t r u c t  r e g u l a r  p o ly g o n s  
th e  s id e s  must be t h e  same l e n g t h ,  a l l  o f  t h e  a n g le s  
th ro u g h  w hich  t h e  t u r t l e  t u r n s  have  t h e  same m eas u re , th e y  
a r e  c lo s e d  f i g u r e s  s in c e  t h e  t u r t l e  a lw a y s  ends  up e x a c t l y  
w here i t  s t a r t s ,  and th e  t o t a l  d e g re e s  tu r n e d  i s  360  
d e g re e s .
3 .  S tu d e n t s  s h o u ld  n o t i c e  t h a t  as t h e  number o f  
s id e s  i n c r e a s e s ,  t h e  amount t h e  t u r t l e  t u r n s  a t  each  
c o r n e r  d e c r e a s e s .  From t h e  t a b l e ,  t h e y  can s ee  t h a t  t h e  
sum o f  t h e  a n g le s  th ro u g h  w hich  t h e  t u r t l e  t u r n s  i s  360  
d e g re e s .
4 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  11 t o  t h e  s t u d e n t s .  
A llo w  them t o  work in d e p e n d e n t ly  (o r  by p a r t n e r s )  on th e  
c o m p u te rs .
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The T u r t le 's  T r ip
The t u r t le  tu rn s  through angles to  change d ire c tio n s . Uhen the t u r t le  draws a 
f ig u r e ,  i t s  t r ip  is  measured by the sum of a l l  the angles through which i t  
tu rn s .
Uhat do you th in k  the t u r t le  draws when given these commands? (Sketch your 
p re d ic t io n .)  How many tu rn s  does the t u r t le  make? UJhat is  the angle of the 
t u r t l e 's  turn each tim e? How many to ta l degrees does the t u r t l e  tu rn  through 
( t o ta l  t r ip ) ?  (H in t :  3 6 0 /3  means 360 + 3 . )
Number Degree in T o ta l 
Procedure Sketch of Turns Each Turn Degrees
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Enter the above procedures in the com puter's memory, and dem onstrate they work 
by t e l l i n g  the t u r t le  to  execute them.
These procedures draw re g u la r  polygons ( a l l  sides are the same s iz e ) .  Uhen you 
w r ite  procedures to  have the t u r t le  construct re g u la r polygons, which co nd itio n  
are necessary? U r i t e  Yes or No in the space provided below fo r  each s tatem ent.
The s ides o f the polygon must be the same len g th . _______
The sum of the angles through which the tu r t le  turns is  360 degrees. ______
A ll of the angles through which the t u r t le  turns have the same measure. _ _ _
The degrees in each tu rn  is  the same as 360 degrees d iv id e d  by the number of 
turns the t u r t le  makes to  draw a polygon. _______
TO TRIANGLE
REPEAT 3CFD 30 RT 3 6 0 /3 ]  
END
TO SQUARE
REPEAT 4CFD 40 RT 3 6 0 /4 ]  
END
TO PENTAGON
REPEAT 51FD 50 RT 3 6 0 /5 ]  
END
TO HEXAGON
REPEAT 6CFD 50 RT 3 6 0 /6 )  
END
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Many S ides
C reate procedures th a t teach the t u r t le  to  draw the re g u la r  polygons described  
below. A re g u la r  polygon is  a -figure w ith  a l l  s id es  the same length  and a l l  
angles the same number o f degrees. Record your procedures.
1 . An 8 -s id e d  re g u la r  polygon (octagon) in  which each s ide  is  10 t u r t le  
step s .
TO EIGHT
2. A 10 -s ided  re g u la r  polygon (decagon) in which each s id e  is  10 t u r t le  
step s .
TO TEN
3 . A 12 -s ided  re g u la r  polygon in which each s ide  is  10 t u r t l e  s tep s .
TO TWELVE
4 . An 16 -s ided  re g u la r  polygon in which each s id e  is  10 t u r t le  s tep s .
TO EIGHTEEN
5 . A 20 -s id e d  re g u la r  polygon in which each s ide  is  10 t u r t le  s te p s .
TO TWENTY
6 . A 3 6 -s id e d  re g u la r  polygon in which each s ide  is  10 t u r t le  s te p s .
TO THIRTY.S IX
7 . When you command the t u r t le  to  TH IR TY .S IX , what does the f ig u re  
look I ike?
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APPENDIX B 
Com puter Group I n s t r u c t i o n a l  Lessons  
Lesson 6 A -  V a r i a b l e s
To d e v e lo p  and debug ( e d i t )  LOGO p r o c e d u re s  t h a t  
i n v o lv e  v a r i a b l e s .
M a t e r i a l s
LOGO on t h e  c la s s ro o m  c o m p u te rs ,  c o p ie s  o f  A c t i v i t y  
12A, and p e n c i l s  and p a p e r .
W h o le - c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s ) .
IiCQS_f o r _ A c t i y i  t i e s
Each s t u d e n t  a t  t h e  com puter f o r  A c t i v i t y  12A 50  
m in u te s .
Ie a c h iQ g _ N o t .e s
1. Load t h e  LOGO lan g u ag e  b e f o r e  s t u d e n t s  s t a r t  
w o rk in g  on t h e  c o m p u te rs .
2 . D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  12A t o  t h e  
s t u d e n t s .  A l lo w  them  t o  work in d e p e n d e n t ly .  H e lp  
s t u d e n ts  n o t i c e  t h a t  t h e  space b e f o r e  c o lo n  i s  im p o r t a n t .
3 .  H e lp  s t u d e n t s  e n t e r  th e  p r o c e d u re s  i n  t h e  
c o m p u te r 's  memory and t o  d e m o n s tra te  how i t  w orks  by  
t e l l i n g  t h e  t u t l e  t o  e x e c u te  th e  p r o c e d u r e .  They  s h o u ld  
u n d e rs ta n d  t h a t  t h e y  can use any name t h e y  want f o r  t h e  
p ro c e d u re  and t h e  v a r i a b l e .
4 . Ask them t o  p u t  t h e i r  p a p e rs  i n  t h e i r  f o l d e r s  
when th e y  f i n i s h .
228
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The Genera) Turtle
When you give the command PENUP, the turtle follows the command and picks up the 
pen. But when you give the command FORWARD, the turtle gives you a message 
indicating that FORWARD needs more imput. The turtle needs to know "how far" 
FORWARD.
You can create procedures like FORWARD that require input by using variable 
names like L, or LENGTH, or SIDE. They are used to represent numbers.
Different inputs or values for the variable will make the turtle do different 
things. The colon (:) is used before the variable to tell the turtle that the
next letter or word is used as a variable.
Teach the turtle each of the procedures below, which use input. Test each
procedure by giving the turtle three commands. Describe or draw what the turtle
does in response to each command.
PROCEDURE TEST COMMANDS AND TURLTE'S RESPONSES
1. TO LINE :L
1
1 a. LINE
FD :L 1
BK :L 1
END 1
1 b.
1I
LINE 20
1
1
1 c.
I
l
I
LINE 30
2. TO SQUARE :LENGTH
l
l a. SQUARE
REPEAT 41FD :LENGTH RT 360/41 I
END lI1
l b.
I1
SQUARE 30
1
l
l c.
I
l
i
SQUARE 50
3. TO TRIANGLE :SIDE
l
1 a. TRIANGLE
REPEAT 31FD :SIDE RT 360/31 I
END I1
1 b.
1|
TRIANGLE 40
1
l
1 c.
1
I
1
TRIANGLE 70
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Activity-12A continued ...
Shaping Up
Create a procedure for each of the following problems. Record your procedures. 
Use a variable and the REPEAT command for this activity.
1. Teach the turtle to draw an equilateral triangle (sides and angles are 
the same size) in which you can input the length of each side.
Procedure: TO TRI :N
2. Teach the turtle to draw a box (sides are equal) in which you can input 
the length of each side.
Procedure: TO BOX :N
3. Teach the turtle to draw a regular pentagon (5 equal sides) in which you 
can input the length of each side.
Procedure: TO PENTAGON :N
4. Teach the turtle to draw a regular hexagon (6 equal sides) in which you 
can input the length of each side.
Procedure: TO HEXAGON :N
5. Teach the turtle to draw a regular octagon (8 equal sides) in which you 
can input the length of each side.
Procedure: TO OCTAGON :N
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
231
Lesson 7A -  More V a r i a b l e s
Lesson_Focus
To d e v e lo p  and debug ( e d i t )  LOBO p r o c e d u re s  t h a t  
i n v o lv e  v a r i a b l e s .
M a te r i
LOGO on t h e  c la s s ro o m  c o m p u te rs ,  c o p ie s  o f  A c t i v i t y  
13A, and p e n c i l s .
W h o le - c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s ) .
Ii0§_f9C_Activities
Each s t u d e n t  (o r  p a r t n e r s )  on t h e  co m p u te r  -for g roup  
•for A c t i v i t y - 1 3 A  40  m in u te s ,  w ho le  c la s s  d is c u s s io n  10 
m in u te s .
I§ i£ t> iD 9 _ N ° £ § §
1. Load t h e  LOGO la n g u a g e  b e f o r e  t h e  s t u d e n t s  s t a r t  
w o rk in g  on t h e  c o m p u te rs .
2 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y - 1 3 A  t o  th e  
s t u d e n t s .  A l lo w  them t o  work in d e p e n d e n t ly .  H e lp  
s t u d e n t s  u n d e r s ta n d  what each p r o c e d u re  w i l l  make t h e  
t u r t l e  d ra w . Remind them t h a t  3 6 0 / 3  i s  t h e  same as 3 60  *r  
3 ,  and t h a t  t h e s e  p ro c e d u re s  use  t h e  T u r t l e  T o t a l  T r i p  
Theorem .
3 .  H e lp  s t u d e n t s  d e v e lo p  a g e n e r a l  p r o c e d u r e  ( t h e y  
m ig h t c a l l  i t  POLYGON) t h a t  commands t h e  t u r t l e  t o  draw  a 
r e g u l a r  p o ly g o n  w i t h  N s id e s  and w i t h  l e n g t h  o f  each s id e  
20 t u r t l e  s t e p s .  The s tu d e n ts  s h o u ld  d e v e lo p  a p r o c e d u re  
s i m i l a r  t o  t h i s  one:
TO POLYGON : N
REPEAT : NLFD 2 0  RT 3 6 0 / :N3 
END
Em phasize  t h a t  t h e  v a r i a l b e  N r e p r e s e n t s  the_num ber,_of  
t h e  t u r t l e  makes t o  draw  each s i d e  o f  t h e  
r e g u l a r  p o ly g o n .
4 .  Ask them t o  p u t  t h e i r  p a p e rs  in  t h e i r  f o l d e r s  
when t h e y  f i n i s h .  N o t ic e  t h a t  some s t u d e n t s  may n o t  be  
a b le  t o  c o m p le te  t h e  c h a l le n g e  p a r t  in  t h e  amount o f  t im e
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p r o v id e d .  P o s s i b l e  p ro c e d u re s  f o r  t h i s  p a r t  a r e  t h e  
f o l l o w i n g :
TO POLYGON :N  :L  TO SPIN.POLY :N  :T  :A
REPEAT : NCFD :L  RT 3 6 0 / :N3 REPEAT :TCPOLYGON :N
END RT :A3
END
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Name Activity 13A
The Turtle Figures
Last time you were writing procedures to make the turtle draw regular polygons 
of any size using variables. In this activity you are going to do something 
similar using variables.
What do you think the turle will draw when given these conmands? Sket.ch your 
guess. Decide a word to use as the title or name of each procedure. Then 
check your prediction by teaching the procedure to the turtle. If your 
prediction was innacurate, correct your sketch.
(Note: 360/3 means 360 7  3.)
1. TO
REPEAT
END
3 [FD 20 RT 360/3J
2. TO
REPEAT 4[FD 20 RT 360/4]
END
Sketch: Sketch:
3. TO__________________
REPEAT 5(FD 20 RT 3^ 0/5] 
END
Sketch:
4. TO___________________
REPEAT 6 [FD 20 RT 360/6] 
END
Sketch:
5. TO _ _ _ _ _ _ _ _ _ _ _
REPEAT 8 (FD 20 RT 360/8] 
END
Sketch:
6. TO
REPEAT 9IFD 20 RT 360/9] 
END
Sketch:
7. Develop a procedure that carmand the turtle to draw a regular polygon 
with N sides and with length of each side 20 turlte steps. Record your 
procedure. Use a variable and the REPEAT command to develop this 
procedure.
Procedure:
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Activity 13A continued ...
The Turtle Dolies
POLY is a procedure that conmands the tutle to draw a regular polygon with :N 
sides and with the length of each side 30 turtle steps.
TO POLY JN
REPEAT :N[FD 30 RT 360/:N]
END
SPIN.POLY is a procedure that commands the turtle to spin an :N-sided polygon 
a specified number of times, :T.
TO SPIN.POLY !N :T
REPEAT STlPOLY ' tN RT 360/:T]
END
The designs below were created using SPIN.POLY. Find the command that create 
each design (predict). To check your answers, teach the turtle the two 
procedures and then give the turtle your conmands.
SPIN.POLY SriN.POLY
SPIN.POLY _________
Challenge1
12. Teach the turtle to draw any regular polygon in which you can 
input both the number of sides and the length of each side.
11.
S P I N . P O L Y
Procedure:
13. Teach the turtle to spin a polygon in which you can input:
The number of sides of the polygon.
The length of the sides.
The number of times to repeat the drawing of the polygon
The angle to turn between the drawing of one polygon and the next.
Procedure:
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Lesson 8 A -  S t i l l  More V a r i a b l e s
U gi§9Q _E9£y§
To d e v e lo p  and debug ( e d i t )  L060 p ro c e d u re s  t h a t  
i n v o lv e  v a r i a b l e s .
M a t e r i a l s
L060  on th e  c la s s ro o m  c o m p u te rs ,  c o p ie s  o f  A c t i v i t i e s  
14A and 15A, and p e n c i l s .
W h o le -c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s ) .
2 L _ B 9 t iy i £ i g g
Each s tu d e n t  (o r  p a r t n e r s )  on th e  com puter f o r  
A c t i v i t y  14A 15 m in u te s ,  and f o r  A c t i v i t y  15A 35  m in u te s .
I§ § £ h in g _ N o te s
1. Load th e  L 0 6 0  la n g u a g e  b e fo r e  s tu d e n ts  s t a r t  
w o rk in g  on th e  c o m p u te rs .
2 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  14A t o  t h e  
s t u d e n t s .  A l lo w  them  t o  work in d e p e n d e n t ly  (o r  by 
p a r t n e r s )  on th e  c o m p u te rs .  Do th e  same f o r  A c t i v i t i e s  
15A.
3 .  H e lp  s t u d e n t s  u n d e rs ta n d  what th e  l e t t e r  N s ta n d s  
f o r  i n  t h i s  p r o c e d u re .  (Number o f s i d e s . )  What t h e  
l e t t e r  L s ta n d s  f o r  i n  t h i s  p ro c e d u re ?  (The number o f  
t u r t l e  s te p s  on each s i d e  o f  t h e  p o ly g o n . )  What does  
3 6 0 / :N  mean in  t h i s  p ro c e d u re ?  (360  d e g re e s  d i v i d e d  by  
t h e  number o f  s id e s  t h e  p o ly g o n  h a s , t h i s  i s  t h e  number o f  
d e g re e s  t h e  t u r t l e  t u r n s  each t i m e . )
4 .  At th e  end o f  t h e  le s s o n  ask s tu d e n ts  t o  p u t  
t h e i r  p a p er  in  t h e i r  f o l d e r s .
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Name Activity 14A
The General Polygon
Susan wrote a procedure to have the turtle construct different regular 
polygons. Predict what the turtle will construct when given the commands. 
Record the total number of turtle steps the turtle will take to construct the 
polygon. This is the perimeter of the polygon. Test your predictions by 
telling the turtle to execute the procedure.
TO POLYGON :N :L
REPEAT :N[FD :L RT 360/sNj
END
Command Perimeter Sketch
1. POLYGON 5 10
2. POLYGON 3 70
3. POLYGON 8 10
4. POLYGON 10 5
5. POLYGON 12 5
6 . POLYGON 36 10
7. POLYGON 360 1
8 . PUZZLER1 How would you have the turtle construct a circle? What is the 
circumference of the circle?
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Name Activity 15A
Repeat and Increment
TO MAZE :SIZE
REPEAT 4(FD :SIZE RT 90 MAKE "SIZE :SIZE + 5]
END
What do you think the turtle will draw if you taught it the procedure MAZE 
described above and then gave it the comnand MAZE 20? MAZE 30? Sketch your 
guess. Then check your prediction by defining the procedure and giving the 
comnand. If your prediction was innacurate, correct your sketch.
1. MAZE 20 2. MAZE 30
Sketch: Sketch:
3. What is the name of the variable in the procedure MAZE? _________
4. What does this variable represent? _ _ _ _ _ _ _ _ _
In this procedure when we say MAKE "SIZE :S1ZE + 5, the turtle add 5 to
whatever number is in SIZE. So SIZE gets bigger and bigger. Then vhen the
turtle goes FD :SIZE, the turtle goes 5 further than it did the last time.
5. Edit this procedure such that the conmands are repeated 40 
times instead of 4 times. Demonstrate that the new 
procedure works by telling the turtle to execute the 
procedure.
6 . Teach the turtle to draw a new procedure in which you can 
input the size and the degrees of the turns.
Note that this new procedure needs a name and two variables.
It is similar to the procedure MAZE but with one more variable.
Record your comnands for this new procedure. Demonstrate the 
your procedure works by telling the turtle to execute the 
procedure.
TO________________ ________________
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Lesson 9 A -  V a r i a b l e s  and R e p e t i t i o n
!=§§5 on_Fgcus
To work w i t h  LOGO p r o c e d u re s  i n v o lv i n g  r e p e t i t i o n  and 
v a r i a b l e s .
M a t e r i a l s
LDGO on t h e  c la s s ro o m  c o m p u te rs ,  c o p ie s  o f  A c t i v i t i e s  
16A and 17A, and p e n c i l s .
§L 2 y 2 _Si.2 .e
W h o le - c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s ) . 
I i 2 § _ f2 C _ £ > 2 £ i¥ i£ ig !§
Each s tu d e n t  (o r  p a r t n e r s )  on t h e  com puter -for 
A c t i v i t y  l&A 20 m in u te s ,  and -for A c t i v i t y  17A 3 0 .
Ig § £ t l iQ 9 _ N 2 £ e s
1. Load t h e  LOGO la n g u a g e  b e f o r e  s t u d e n t s  s t a r t  
w o rk in g  on t h e  c o m p u te rs .
2 .  D i s t r i b u t e  c o p ie s  o-f A c t i v i t y  16A t o  t h e  
s t u d e n t s .  A l lo w  them t o  work in d e p e n d e n t ly  (o r  by  
p a r t n e r s )  on t h e  c o m p u te rs .  D is c u s s  t h e i r  an sw ers  as  a 
w hole  c l a s s .
3 .  N o te  t h a t  NEW.MAZE 90  i s  based on a s q u a r e ,
NEW.MAZE 72  i s  based on a r e g u l a r  p e n ta g o n ,  NEW.MAZE 120  
i s  based on a r e g u l a r  t r i a n g l e ,  and NEW.MAZE 144 i s  based  
on a f i v e  p o i n t  s t a r .  As t h e y  e x p e r im e n t  w i th  th e
NEW.MAZE p r o c e d u r e ,  s t u d e n t s  t h e y  w i l l  f i n d  many 
i n t e r e s t i n g  p a t t e r n s .  Each o f  t h e s e  p a t t e r n s  r e f l e c t s  t h e  
p ro c e s s  o f  g ro w th  by w h ich  i t  was c r e a t e d .  Ask s t u d e n t s  
t o  a n a ly z e  how t h e  d i f f e r e n t  p a t t e r n s  o c c u r .  F o r  e x a m p le ,  
n o t i c e  t h a t  t h e  c u r v a t u r e  Df t h e  maze arms i s  g r e a t e r  as  
you move f a t h e r  away f ro m  7 2 .  Remind them t o  t y p e  DRAW 
and p re s s  RETURN t o  c l e a r  t h e  s c re e n  b e f o r e  d ra w in g  each  
NEW.MAZE.
4 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  17A t o  t h e  
s t u d e n t s .  A l lo w  them t o  w ork  in d e p e n d e n t ly  on t h e  
c o m p u te rs .  N o t ic e  t h a t  t h i s  p ro c e d u re  uses  t h r e e  
v a r i a b l e s .
5 .  Ask s t u d e n t s  t o  p u t  t h e i r  p a p e rs  in  t h e i r  
f o l d e r s .
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Name Activity 16A
239
The Turtle's Maze
Before you begin this activity, teach the turtle the following procedure. 
Demonstrate that the procedure works by telling the turtle to execute the 
procedure.
TO NEW.MAZE :ANGLE 
MAKE "SIZE 0
REPEAT 100IFD :SIZE RT :ANGLE MAKE "SIZE SIZE + 
END
2 ]
Then enter: WINDOW
The designs below were created using the NEW.MAZE procedure. Note that the 
value of the variable SIZE has been set up to start on zero and increase 2 
each tine (i.e. 0, 2, 4, 6, ..., 98). Remember to type CS and press RETURN 
before drawing each design on the screen. Note that each of the patterns 
reflects the process of growth by which it was created. Analyze how the 
different patterns occur.
2.
NEW.MAZE
NEW.MAZE
NEW.MAZE
NEW.MAZE
NEW.MAZE
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Name Activity 17A
240
The Turtle's Curves
SPIRAL is a procedure that commands the tutle to draw designs based on curves 
with different starting angles, angle increments, and sizes.
TO SPIRAL ;SIZE :ANGLE SlNCREMENT
REPEAT 720IFD :SIZE RT :ANGLE MAKE "ANGLE :ANGLE +
:INCREMENT]
END
The designs below were created using SPIRAL. Teach the turtle the procedure 
SPIRAL and then give the turtle your connands. Notice that there are three 
variables in this procedure.
1 . 2.
SPIRAL 7 0 1 SPIRAL 7 0 7
3. 4.
SPIRAL 15 40 30 SPIRAL 20 1 20
You may wish to experiment some more with this procedure. It can create many 
beautiful pictures.
What will happen if the increment is zero? For example, SPIRAL 12 90 0
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Lesson 10A -  C r e a t e  P ro c e d u re s  U s in g  V a r i a l b e s  
Lessgn_Focus
To d e v e lo p  and debug ( e d i t )  LOGO p r o c e d u re s  t h a t  
i n v o lv e  v a r i a b l e s ,  r e p e t i t i o n  and in c r e m e n ts .
M a t e r i a l s
LOGO on t h e  c la s s ro o m  c o m p u te rs ,  c o p ie s  o-f A c t i v i t y  
18A, and p e n c i l s .
W h o le - c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s ) .
I im e _ f g r _ A c t i . v i . t i . e s
Each s t u d e n t  on t h e  com puter -for A c t i v i t y  18A 50  
mi n u te s .
I§3 £ b iQ 9 -.b !9 tg §
1. Load t h e  LOGO la n g u a g e  be-fore  t h e  s t u d e n t s  s t a r t  
w o rk in g  on t h e  c o m p u te rs .
2 .  D i s t r i b u t e  c o p ie s  o-f th e  A c t i v i t y  18A t o  th e  
s t u d e n t s .  A l lo w  them t o  work in d e p e n d e n t ly .  Ask them t o  
p u t  t h e i r  p a p e r s  in  t h e i r  - fo ld e r s  when t h e y  - f in i s h .
N o t ic e  t h a t  some s t u d e n t s  may n o t  be a b le  t o  d e v e lo p  
p r o c e d u re s  f o r  a l l  t h e  d e s ig n s  p r e s e n te d  i n  t h i s  a c t i v i t y .  
Remind s t u d e n t s  t h a t  t h e y  have  been w o rk in g  w i t h  
p ro c e d u re s  t h a t  i n v o l v e  v a r i a b l e s ,  r e p e t i t i o n  and 
in c r e m e n ts .  T e l l  them t h a t  t h e y  a r e  g o in g  t o  t r y  to  
d e v e lo p  t h e i r  own p ro c e d u re s  u s in g  v a r i a b l e s ,  r e p e t i t i o n  
and in c r e m e n ts .
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Name Activity ltJA
Procedures to Create
Create procedures to teach the turtle how to draw the following designs. Use 
variables and the REPEAT command to develop these procedures. Do as much as 
you can. Record your procedures in the space provided.
1. Procedure:
5 1
4. Procedure:
s*-
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APPENDIX C 
T e x tb o o k  Group I n s t r u c t i o n a l  Lessons  
Lesson 6 B -  In t r o d u c in g  V a r i a b l e s
UgiSSD_ES£!=S§
To i n t r o d u c e  t h e  c o n ce p t o-f v a r i a b l e ,  and s o lv e  
e q u a t io n s  by f i n d i n g  a number r e p la c e m e n t  f o r  v a r i a b l e  
t h a t  w i l l  make t h e  e q u a t io n  t r u e .
M a t e r i a l s
P e n c i l s ,  c h a lk b o a r d ,  A c t i v i t i e s  13B and 14B. 
SCQUE^Sise
W h o le - c la s s ,  and i n d i v i d u a l  (o r  p a r t n e r s ) . 
l i C D e . i Q C . A c t i y i t i e s
Whole c la s s  d is c u s s io n  5 m in u te s ;  each s tu d e n t  
w o rk in g  on A c t i v i t y  13B 20 m in u te s  and on A c t i v i t y  14B 20  
m in u te s ;  w h o le  c la s s  d is c u s s io n  5 m in u te s .
I§ a c h i ,n g _ N o te s
1. W r i t e  t h e  e q u a t io n  9 + 7 =  N on t h e  c h a lk b o a r d .  
A sk, "What i s  t h e  sum?" Then w r i t e  t h e  e q u a t io n  a g a in  
w i t h  th e  sum i n  t h e  p la c e  o f  t h e  N, (9  + 7 = 1 6 ) .
2 .  D i s t r i b u t e  c o p ie s  o f  a c t i v i t y  13B t o  t h e  
s t u d e n t s .  A l lo w  them t o  work in d e p e n d e n t ly .
3 .  D i s t r i b u t e  c o p ie s  o f  A c t i v i t y  14B t o  t h e  
s t u d e n t s .  A l lo w  them t o  work i n d e p e n d e n t ly .  D is c u s s  some 
of t h e  e x e r c is e s  w i t h  t h e  w hole  c la s s .
4 .  T r e a t  t h e  v a r i a b l e s  t h a t  a p p e a r  i n  t h e s e  
e x e r c is e s  in  a n a t u r a l  way by p o i n t i n g  o u t  t h a t  l e t t e r s  
a r e  som etim es used  t o  r e s e r v e  a p la c e  f o r  a num ber.
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Name Activity 13B
244
Variables
The letter N in each equation saves a place for the sum, difference, product 
or quotient. The letter N can represent any number, but there is only one 
number that makes the equation true or correct. Any other letter can be used 
for this purpose. Letters used in this way are called variables.
Copy each equation, replacing N with the sum, difference, product or quotient, 
for example,
a. 6 + 9 = N b. 3) (6*N
6 + 9 = 15 3 X 6  = 18
1. 6 + 4 ■ N 2. 7 + 5 = N 3. 9 + 4 = N
4. 1 0-6 1 2-7 6 . 1 3-4
7. 2 X 4 = N 8 . 9 X 5 = N 9. 8 X 7  = N
10. 24-^ 3 = N 11. 12-f2 = N 12. 40-f 8 = N
Copy each equation, replacing the variable with the sum, difference, product 
or quotient.
13. 11 + 9 = B 14. 10 X 8 = S 15. 16 - 9 = X
16. 54 4  6 = M 17. 0 -r 4 = B 18. 9 X 3 = N
19. 8 X 0  'S 20. 55 - 0 = N 21. 14 X I
22. 54 + 0 = X 23. 1 2 - 9 24. 67 + 1 ■ N
25. 3 + 6 + 2 = B 26. 5 + 4 + 5 ■ X 27. (6 + 2) X 3 * K
28. 7 + 2 + 5 * Z 29. 12 + 5 + 6 = B 30. 8 - (3 X 2) * R
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Name  ______________________   Activity 14B
Find the Replacement
We solve an equation such as N X 8 = 56 by finding a number replacement for N 
that will make the equation true.
What number times 8 is 56?
For example: N X 8 = 56 — 7 X 8 * 56 11 ^  N a 7
The solution to the equation is 7.
Solve each equation by finding a number replacement for the variable.
1. N + 5 = 13 N =   2. N - 8 = 9 N = ____
3. N X 9 = 45___N = _____ 4. 8 X N * 56 N =
t
5. N - 6 = 9___ N = _____ 6 . 72-r N *= 8 N =
7. 6 + X = 14___N = _____ 8 . 8 X B = 32 B =
9. 13 - M = 8___M = _____ 10. 24 -f Z = 4 Z =
11. N + 8 = 17 N = ____  12. 34 - N = 34 N =
13. K X 9 * 54 K = _____ 14. 12 \  B = 12 B =
15. F - 6 ■ 9 F = _____ 16. C - 5 « 9 C =
17. R + 5 18. 56 - H * 10 H *
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Lesson 7B - Variables and Expressions
Uss§QD_E5£y§
To introduce the concept o-f variable as it is used in 
expresssions, and to evaluate expressions for given 
replacements of the variable.
Materi_al.s
Pencils, chalkboard, Activities 15B, 16B and 17B. 
§EQk'E_§is.e
Whole-class, and individual (or partners).
Ii!B§_£ 2L_ Act i.v i. ties
Whole class discussion 10 minutes; each student 
working on Activity 15B 20 minutes, on Activity 16B 20 
minutes, and on Activity 17B if necessary for more 
practi ce.
I § § 2 i l iQ 9 _ N 2 £ e s
1. Write N + B on the chalkboard and tell the
students that we call this an expression. Show the
students how to evaluate the following expressions if T is
10s 61, 5 + T, T/2, T - 7.
Then have the students choose another value for T and 
evaluate each expression.
2. Distribute copies of activity 15B to the 
students. Have them read the material at the top of the 
handout. Explain that although neither Dave's age nor 
Jean's is known, we know how their ages are related. We 
can use any letter, or variable, to represent Dave's age. 
When we know Dave's age, the expression D - 4 tells what 
we must do to find Jean's age. Show how to evaluate D - 4 
■for D = 10, 13 and 20.
3. Direct students' attention to the examples in the 
table. Point out that the phrase "5 times T" can be 
written as 5 X T, 5 T, or 5T, and that K 4- 3 can be 
written as K/3. In algebra, the later form is used.
4. Use the warm up exercise as practice with the 
students to check their understanding of variable and 
evaluating expressions.
5. Distribute copies of Activity 16B to the
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students. Allow them to work independently. As they work 
on exercises 1~27, check to see that they are substituting 
correctly in the expressions. In exercises 28-35, make 
certain students are writing the correct expressions. For 
example, in exercise 29 students should write X - 8, and 
not 8 - X. Activity 17E-< is a practice supplement to be 
use only i-f necessary -for extra practice.
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Nam* Activity 1 5 B
Variables and Expressions
Jean is 4 years younger than her brother Dave. V* can write an 
expression for Jean's age.
Let D » Dave's a g e .
D —  4 » Jean's age.
The letter D is a variable. Any letter could be used as the variable.
To evaluate an expression, we substitute a number for the variable and 
perform the operations.
Substitute 10 for D.
10 - 4 « £
•I
If D is 10, then D - 4 is 6
If D is 13, then D - 4 is 9 .
If D is 20, then D - 4 Is 16
D a v e 's Age J e a n 's Age
1 0 6
1 3 9
20 1 £
Study the examples in the table below.
Expressions in words Variable Expressions with a variable
5 t imes a number T T 5T or 5 T
A number K divided by 3 K K/3 or K -i- 3
The sum of B and 7 B B ♦ 7
6 minus a number N N £ - N
Verm Up ------------------------------ --------
Name the variables in each expression.
1 . N ♦ 7 2 . R - A 3 . 9 V
Evaluate each expression.
£ .
8 .
5T
it T  is 7 
A «■ 7
if A is 15
k/ 3
t / ? 1 7 Z
i f K i s 24
14 N 10 . 1 oz
i f N i s 9 i f Z is 8
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Name Activity 16B
Practic«
Evaluate tach expression.
1. N 11
if N is 10,
3. 100 -  S
if S is 65,
2 . 8M
if «  is 7, .
4 . H/2
if H is 40,
5 . 13B
if B is 4,
Complete each sentence by evaluating the expressions.
6. If T is 7, then 9T is  . 7. If C is 11, then 9C is
8. If X is 19, then X - 12 is ____ .
10. If M is 20, then M/5 is _____ . 11. If P is 87, then P/3 ii
12. If Y is 19, then 4Y is _____ . 13. If J is 47, then 100 -
14. If X is 8, then x/8 is _____ . 15. If H is 9, then 16 - H
9. If F is 1, then F + 99
Complete each sentence by evaluating the expressions
K K + 12 Z 42 B 17 —  B
16 . 3 20 . 7 24 . 10
17 . 9 21 . 10 25 . 9
18 . 15 22 . IS 26 . 6
19 . 38 23 . 25 27 . 1
Write an expression.
28. 4 times a number T
29. 8 less than a number X ___
30. a number Z divided by 5 ___
31. a number K divided by 7 ___
32. 20 decreased by a number Q
33. 9 more than a number N  _ _
34. the product of 8 and a number D
35. the sum of a number W  and 11 ___
i s
J is 
i s
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Name Activity 17B
Ftict ict Supplement 
Complete etch tible by evaluating the expressions 
1 . M M + B 28
6
9
1 2
22
64
Y Y - 6
9
1 5
24
32
47
B 3B
5
1 0
1 3
2 1
35
S S - 2
6
1 8
24
9 A
48
N N 4 12
4
10
12
31
57
X 10X
8
15
27
59
I 62
Write an expression.
7 . 9 times a number D 8 . 7 more than a number T
9 . 2 less than a number J 10 . 75 decreased by a number
1 1 . a number E divided by 6 1 2 . 8 times a number K
13 . 12 minus a number W 1 4 . a number T times 30
15 . 18 more than a number C 17 . a number F minus 15
IB . 42 plus a number C 1 9 . 39 divided by a number U
7 1 a number R divided by 
the sum of a number P
1 0
22 . and 9 _
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Lesson SB - More Variables arid Expressions 
Lesson_Focus
To evaluate expressions -for given replacements o-f the 
variable?.
Materials
Pencils, chalkboard, Activities 18B, 19B and 20B. 
S rg u p _ S ic e
Whole-class, and individual.
Xl®§_£
Whole class discussion 5 minutes; each student 
working on Activity IBB 20 minutes, on Activity 19B 25 
minutes, and on Activity 20B i-f necessary -for more 
practice. i
1. Review variables and expressions with the 
students. Remind them that any letter can be used as a 
variable, and that to evaluate an expression we substitute 
a number for the variable and perform the operations. The
varialbe is used to represent a number in an expression or
equation.
2. Distribute copies of Activity 18B to the
students. Allow them to work independently. This
activity reteaches the idea of variable and expressions 
and gives extra practice to the students in this area.
3. Distribute copies of Activity 19B to the 
students. Alow them to work independently.
4. Activity 20B is a practice supplement to be use 
only if necessary to provide enrichment experiences in 
this area.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
252
Name Activity 18B
Reteaching Supplement Variables and Expressions
Expressions 
in Words
The sum of 7 and Y
Expressions with 
a Variable
7 ♦ Y 
_±_
( variable)
Substitute 6 for the 
Variable and Evaluate
7 + Y * 7  + 6 + 13
__________ i
Substitute 6 
for Y
2 less than a number B B —  2 
4 times a number Z 4Z
12 divided by a number T \ z / t  or 12 T 
Evaluate each expression
1 . N —  7 N « 10 2 . x/a X .
P ♦ 12 P 5. N/4 N - 16
2l/K
Complete each table by evaluating the expressions.
1210 . M 5M
6
9
13
21
34
1 1  . X X + 10
0
3
9
36
54
B —  2
4 Z >
12 —•
■ 6 —  2 * 4 
4 6 > 24 
T - 1 2 -i 6 « 2
3 . 8T T * 6
6 . 20 - R R = 3
9 . 1 7 —  W W *
s . -
C 15 - C
4
10
8
12
44
Write an expression for each.
13. 3 more than a number D 14. the product of 6 and a number X
13. a number M divided by 8 16. a number M increased by 3
17. 4 times a number P IB. 20 divided by a number R
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Name Activity 19B
More practice 
Complete each table by evaluating the expressions.
p F B 2 . T T/3 3 . N N/2 1
6 0 4 1
9 3 10
13 9 e
21 36 12
34 54 44
4 . M 8 M
0
i
5
1 0
1 1
5 . N | N ♦ 12
4
10
8
39
63
6 . X 6 X
0
1
7
9
2
Write an expression.
7. 9 less than a number P _______  8. 5 more than a number V
9. 9 less than a number K ______  10. 97 decreased by a number P
11. a number K multiplied by 10 _______  12. 9 times a number N
Use the given values of K to evaluate the expressions and complete 
t a b l e .
K K • 2 (K e 2 > - 4 <K e 2) - 4 ♦ 8
4
3
7
6
8
0
»
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Activity 20E
Enrichment Supplement Variables and Expressions 
Use the given information to complete each table.
1. The espression 25 • T tells us the number of times we blink in 
a given period of time <T « the number of minutes)
Time T 1 minute 5 mi nutes 1 hour
!
8 hours 1
Nunber of blinks 25 • T 25
2. The expression (34 —  A > 2 tells us how many hours of sleep we need
each night based on our age. (A ■ age in years up to 12)
Age A 2 4 6 B 10 1 2
Hours of sleep ( 3 4 —  A) ~  2
3. The expression C/7 * 3 tells us what the temperture is (in degrees 
Celsius) based on the number of chirps of a cricket.
(C ■ the number of chirps of a cricket in one minute)
Chi rps/minute C 4 V 63 70 91 1 1 2 161
Temp erture (®C) C/7 ♦ 3
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Lesson 9B - Nath Nachine
L§§§°Q_fl£!£y §
To provide practice regarding the concept o-f 
variable, and to evaluate expressions for given 
replacements of the variable.
Water ial^ s
Pencils, chalkboard, Activity 21B and 22B
@LSklE_iLS.g
Whole-class, and individual.
Iime_for_Actiyities
Whole class discussion 5 minutes each student working 
on Activity 21B 35 minutes; whole class dicussion 10 
mi nutes.
IS g E lH iQ S -N Q tii!
1. Review variables and expressions with students.
A variable is used to represent possible values or 
numbers. Any letter can be used as a variable.
2. Distribute copies of Activity 21B to the 
students. Allow then to work independently. Discuss 
their findings as a whole class.
3. Do the same for activity 22B.
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Name Activity 21B
The Math Machine
| INPUT [
RULE 
N + 8
1 OUTPUT f
For each input number (N) the rule given by N + 8 tells the machine how to 
find the output. The output numbers for each of the input numbers 6 , and 10 
are given below using the rule N + 8. Complete the table by finding the 
output numbers of 16, 25 and 100 using the same rule, N + 8 .
1. INPUT N + 8
6 6 + 8
10 1 0 + 8
16 _____
25 _____
100 _______
Find the output numbers for each of the input numbers using the rule inside 
the Math Machine.
J INPUT L
RULE 
X — 1
1 OUTPUT f
2. INPUT OUTPUT
0 _____
1 _____
28 _____
67 _____
345 _____
OUTPUT
14
18
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Activity 21B continued ....
J INPUT 1_____________________________________  (
RULE
3 X R
] OUTPUT f
3. INPUT OUTPUT
0 ______
1 ______
2 ______
3_________________
5_________________
17__________________
20 ______
(
 | INPUT |______________
RULE 
S t  2
| OUTPUT f
4. INPUT OUTPUT
2 ______
12 ______
106 _____
32 _____
78___________________
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Name_____ ___________________  Activity 22B
What's My Rule?
The input and output numbers of the following Math Machines are given below 
each machine. Find the rule for each Math Machine.
______ 1 INPUT ]____________________________________
RULE
?
OUTPUT f
1. INPUT OUTPUT
0 2
1 3
2 4
3 5
4 6
10 12
What's the rule?
J INPUT L
RULE
?
" ' | OUTPUT f
2. INPUT OUTPUT
0 0
1 5
2 10
3 15
4 20
10 50
What's the rule?
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Activity 22B continued ....
J INPUT [ _______________________________________________
P ' ■ -  i •
RULE
?
“  ' | OUTPUT f
3. INPUT OUTPUT
3 0
4 1
5 2
6 3
7 4
10 7
What's the rule?
| INPUT |
RULE
7
OUTPUT f
4. INPUT OUTPUT
0 6
1 7
2 8
3 9
4 10
10 16
What's iny rule?
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Lesson 10B - More Math Machines
L§!S§QQ_EQ£kl3
To provide practice regarding the concept of 
variable, and evaluate expressions -for given replacements 
of one and two variables.
!3§£eri.al.s
Pencils, chalkboard, Activities 23B, 24E< and 25B.
@L2 yE_§is.§
Whole-class, and individual.
IlQ)®_i9!2_Aot i.vi.ties
Each student working on Activity 23B 20 minutes, 
Activity 24E-I 20 minutes and Activity 25B 10 minutes.
I§ § £ t l iQ 9 _ y 9 t2 §
1. Remind students that they have been working with 
variables and expressions. A variable is used to 
represent possible values or numbers. Any letter can be 
used as a variable.
2. Distribute copies of Activity 23B to the 
students. Allow then to work independently. Do the same 
for activities 24E^  and 25E-L
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Name _________  Activity 23B
More Math Machines
261
J INPUT \
RULE 
2N + 1
] OUTPUT f
For each input number (N) the rule given by 2N + 1 tells the machine how to 
find the output. The output numbers for each of the input numbers 2, and 12 
are given below using the rule 2N + 1. Complete the table by finding the 
output numbers of 16, 25 and 100 using the same rule, 2N + 1. Note that 2N is 
the same as 2 X N.
1. INFUT 2N + 1 OUTPUT
2 2(2) + 1 5
12 2(12) + 1 25
16    ....
25 ________ ____
100   ______
Find the output numbers for each of the input numbers using the rule inside 
the Math Machine.
J INPUT [
RULE 
3B -  2
'J OUTPUT f
2. INPUT OUTPUT
5
8 ______
28 ______
67___________________
345 ___
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Activity 23B continued ....
J INPUT (___________________________  ^
RULE 
B — 2 + 5
'I OUTPUT f
3. INPUT OUTPUT
2 _____
4____________ _____
6 _____
8 _____
10 ______
18 _____
20
J INPUT [
RULE 
5N + 8
1 OUTPUT f
4. INPUT OUTPUT
2 ______
12 ,_______
6 ______
15 ______
8 _______
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Activity 24B
What's My Rule?
The input and output numbers of the following Math Machines are given below 
each machine. Find the rule for each Math Machine.
______ 1_INPUT_j_____________________________________
RULE
?
| OUTPUT f
1. INPUT OUTPUT
0 4
1 7
2 10
3 13
4 16
10 34
What's the rule?
J INPUT I
RULE
?
J OUTPUT f
2. INPUT OUTPUT
1 3
2 7
3 11
4 15
10 39
What's the rule?
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Name Activity 25B
Enrichment Activity
The pairs of numbers in the first column represents the values for the 
variables A and B. The final result is found by using the rule given for each 
table. Use the rules to complete the tables.
4,6
4,3
6,2
5,7
2.
Rule: A X B - 7
4,5
5,4
7,1
3,4
5,7
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Activity 25B continued .
Rule: A - B + 3
4,2
15,3
6 , 2
16,4
28,7
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APPENDIX D 
Test of Logical Thinking
Item 1 House Paint #1
A painter uses four cans of paint to paint six rooms. 
How many rooms can be painted with six cans of paint?
a . 7 rooms
b. 8 rooms
c. 9 rooms
d. 10 rooms
e. other
Reason
1. The number of rooms compared to the number of cans will 
always be in the ratio of 3 to 2.
2. With more cans of paint, the difference will be less.
3. The difference in the numbers will always be two.
4. With four cans of paint the difference was 2. With six
six cans of paint the difference would be two more.
5. There is no way of predicting how much paint is needed.
266
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Item 2 House Paint #2
267
How many cans of paint are needed to paint eleven rooms?
a. 5 1/2 cans
b. 7 cans
c. 7 1/3 cans
d. 9 cans
e. other
Reason
1. The number of cans of paint compared to the number of
rooms will always be in the ratio of 2 to 3.
2. If there are five more roams, then 3 more cans are needed.
3. The difference in the nunbers will always be 2.
4 . The number of cans will be half the number of rooms.
5. There is no way of predicting the amount of paint.
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Item 3 Rolling Cylinders #1
Suppose you wanted to do an experiment to find out if 
changing the height of a ramp changed the distance a 
ball rolled off the end. Which sets of apparatus would 
you use?
111. 3
3 lb.S lb.
5 lb.
10 It.
•» lb.
a. I and IV
b. II and IV
c. I and III
d. II and V
e. all of them
Reason
1. The highest ramp should be tested against the shortest.
2. All sets need to be tested against each other.
3. As the height is increased the weight must be decreased.
4. The heights should be the same but weights should differ.
5. The heights should differ but the weights should be the same.
r ~
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Item k Rolling Cylinders /-'2
Suppose you wanted to do an experiment to find out if changing the 
weight of the ball changed the distance it rolled off the end of a 
ramp. Which sets of apparatus would you use?
ft.3 ft.
S lb.
10 lb.
b lb.
ft.
a. I and IV
b. II and IV
c. I and III
d. 21 and V
e. all of them
Reasons
1. The heaviest ball should be compared to the lightest.
2. All sets need to be tested against each other.
3. As the weight is increased, the height should be decreased.
*4. The weights should be different but the heights should be 
the same.
5. The weights should be the same but the heights should be 
different.
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Item 5 The Swiss Train 270
An American tourist is sharing a compartment on a Swiss train with 
six people. ' Three speak only English and three speak only Trench. 
What are the chances of speaking to someone who speaks English on 
the first try?
a. 1 out of 2
b. 1 out of 3
c. 1 out of n
d. 1 out of 6
e. H out of 6
Reasons
1. Four selections are needed because the three French speakers 
could be chosen in a row.
2. There are six people from which one English speaking person 
must be chosen.
3. One English speaking person needs to be selected from a total of 
three.
One half of the people speak English.
5. In addition to an English speaking person, three French speaking 
people could be selected from a total of six.
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Item 6 The Coins and Rings
Three gold coins, four silver coins, and five copper coins are 
placed in a sack. Four gold rings, two silver rings and three 
copper rings are placed in the same sack.
What are the chances of pulling out a gold ogject on the first try?
a. 1 out of 2
b. 1 out of 3
c. 1 out of 7
d. 1 out of 21
e. None of the
Reason
1. One gold object has to be selected from objects made from 
gold, silver, and copper.
2. 1/4 of the coins and 1/8 of the rings are made from gold.
3. It does not matter whether a coin or a ring is picked. One gold 
object needs to be selected from a total of 7 gold objects.
4. One gold object must be selected from a total of twenty-one objects.
5. 7 of the 21 objects in the sack are made from gold.
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Item 7 The Gumball Machine
A boy has a penry to use in one of two gunball machines. The first 
machine has 30 red and 50 yellow gumballs; the second has 20 red 
and 30 yellows. He likes only red balls.
His chance of getting a red is greatest in the second machine?
a. Yes
b. No
Reason
1. There are 30 red inn the first machine and only 20 in the second.
2. There are 20 more yellows in the first machine and only 10 more 
yellows in the second.
3. There are 50 yellows in the first "achine and only 30 in the 
second.
4. There is a greater proportion of reds in the second machine.
5. There are more quirballs in the first machine.
8 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Item B The Spotted Dogs
273
Seven large dogs and 21 small dogs are shown in the picture. Some 
dogs are spotted and others are not spotted.
Are large dogs more likely to have spots than small dogs?
a. Yes
b. No
Reason
1. Some small dopu have spots and some large dogs have spots.
2. Nine small dogs have spots and only three large dogs have spots.
3. 12 of the 2B dogs are spotted and 16 of the 28 dogs are not spotted.
4 . 3/7 of the large dogs are spotted and 9/21 of the small dogs are 
spotted.
5. 12 of the snail dogs have no spots and only 9 of the large dogs 
have no spots.
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Item The Sandwiches
A restaurant allows a choice of three types of bread, three types 
of meat and three types of spread.
Bread 
wneat (W) 
rye (R)
puipernickle (P)
Meat 
ham (H) 
chicken (C) 
turkey (T)
Spread 
ketchup (K) 
mayonnaise (M) 
butter (B)
Each sandwich must contain bread, meat and spread. How many types 
of sandwich can be prepared using only one type of bread, one type of 
meat and one type of spread?
List all of the possible types of sandwiches in the spaces provided 
on the Answer Sheet. More spaces are provided than you will need. 
Two exairples of different sandwiches are provided for you. (WHK, RCM)
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Item 10 The Car Race
I n  an automobile race there  is  a Dodge (D ), a Chevy (C), a Ford (F) 
and a Mercury (M). An observer p red icts  th a t  the order o f  f in is h  
w i l l  be DCFM. In  the spaces provided on the  Answer Sheet l i s t  a l l  
other possib le  orders in  which the cars might f in is h .
More spaces are provided than you w i l l  need.
I
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APPENDIX E
R o b u stn ess  S e m a n tic  D i f f e r e n t i a l
Read each s e t  o f  a d j e c t i v e  p a i r s  used t o  d e s c r i b e  si>! 
a s p e c ts  o f  y o u r  l e a r n i n g  e n v iro n m e n t .  F o r  each  a d j e c t i v e  
p la c e  a "ch eck"  in  one o f  t h e  f i v e  b la n k s  t h a t  i s  n e a r e s t  
t o  d e s c r i b i n g  y o u r  f e e l i n g  a b o u t th e  p a r t i c u l a r  a s p e c t .
F o r  e x a m p le ,  t h e  a d j e c t i v e  p a i r  o f  "happy" and "sad" c o u ld  
be marked as f o l l o w s .
h a p p y  :  : ____ ______________ sad
The m a th e m a tic s  te a c h e r  i s
1 - b o r i n g _______ : ______ : _______: ______ : _______ i n t e r e s t i n g
2 . f r e s h ______ : ______ : _______: ______ : ______s t a l e
3 .  m e a n i n g l e s s  : ________ : _______: ______ : ______m e a n in g fu l
4 .  i m p o r t a n t  : ___________: _______: ______ : _______ u n im p o r ta n t
5 - u s u a l _______ : ______ : _______: ______ : ______u n u su a l
6 . p o w e r f u l  : ____________: _______: ______ : ______weak
7 .  p a s s i v e ______ : ______ : _______: ______ : ______a c t i v e
8 . t h r i l l i n g _______: _______: _______s______ : ______q u i e t i n g
9 . u n e v e n t f u l  : ______ : _______: ______ : ______a c t io n - p a c k e d
1 0 . c h a l l e n g i n g _____ : _______: _______: ______ : ______d u l l
The com puter i s
1 1 . b o r i n g ______ : _______: _______: ______ : ________i n t e r e s t i n g
1 2 . f r e s h ______ : _______: _______: ______ : ______ s t a l e
13. m e a n i n g l e s s ______ : _______: _______: ______ : ______ m e a n in g fu l
14. i m p o r t a n t ______ : _______: _______: ______ : _______ u n im p o r ta n t
15. u s u a l ______ : _______ s_______: ______ : _____ un u su a l
16. p o w e r f u l ______ : _______ : _______: ______ : _____ weak
17. p a s s i v e ______ : _______ : _______: ______ : _____ a c t i v e
IB .  t h r i l l i n g ______ : _______: _______s______ : ______ q u i e t i n g
19. u n e v e n t f u l ______: ______ : ______ : ______ : ________a c t io n - p a c k e d
2 0 . c h a l l e n g i n g ______: ______ : ______ : ______ s______ d u l l
The m a th e m a t ic s  a c t i v i t i e s  a r e
2 1 . b o r i n g ______ : _______ : _______: ______ : _______ i n t e r e s t i n g
2 2 . f r e s h _______: ______ : _______: ______ : ______s t a l e
2 3 .  m e a n i n g l e s s ______ : _______ : _______: ______ : ______m e a n in g fu l
2 4 .  i m p o r t a n t  : ___________: _______: ______ : _______ u n im p o r ta n t
2 5 .  u s u a l _______ : ______ : _______: ______ : _______ un u su a l
2 6 .  p o w e r f u l  : ____________: _______: ______ : ______weak
2 7 .  p a s s i v e _______ : ______ : _______: ______ : ______a c t i v e
2 8 .  t h r i l l i n g ______ : _______ : _______: ______ : ______ q u i e t i n g
2 9 .  u n e v e n t f u l   ____ : ______ : _______: ______ : ______a c t io n - p a c k e d
3 0 .  c h a l l e n g i n g _____ : _______: _______: ______ : ______ d u l l
276
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T h e  m a t h e m a t ic s  l e a r n i n g  a c t i v i t i e s  w i t h  t h e  c o m p u te r  a r e
b o r i n g _______ : ______ ■"______5----------- : ------------ i n t e r e s t i n g
« “f r e s h     _  _  ___ "_______■  ___ ■_____ _s t a l e
. m e a n i n g l e s s ______ : ______ "■---------- ! ----------- ’ ------------ m e a n in g f u l
.____ i m p o r t a n t ______ : ______ s______* ______ * ------------ u n im p o r t a n t
u s u a l _______s______ : ______8______ : ------------ u n u s u a l
p o w e r f u l ______ • _______ 5----------: ----------- "" weak
p a s s i v e _______ : ______ : ---------- : ----------- : ------------ a c t i v e
t h r i l l i n g  s s______: ______ s  q u i e t i n g
u n e v e n t f u l  Z Z I _ Z S_______ ! ----------- 5  a c t i o n - p a c k e d
c h a l l e n g i n g _______: ______ s----------s----------- s------------ d u l1
T h e  i n t e r a c t i o n  w i t h  t h e  m a t h e m a t ic s  t e a c h e r  i s
b o r i n g _______ s______ s______s______ * --------------- i n t e r e s t i n g
f r e s h _______ ' ______ s______: ----------- !  s t a l e
. m e a n i n g l e s s ______s_______ : ______* ----------- * ------------ m e a n in g f u l
. i m p o r t a n t ______ : ______ : ______: ----------- * ------------ u n i m p o r t a n t
u s u a l ______ : _______ * ______*■______ *  u n u s u a l
p o w e r f u l _______: ______ s----------=----------- s ------------ we* k
p a s s i v e ______ : _______ : ---------- : ----------- 5------------ a c t i v e
h r i l l i n g _______ s______ =______=----------- * ------------ q u i e t i n g
u n e v e n t f u l ______ . ______ : _______ «----------- «------------a c t i o n - p a c k e d
c h a l l e n g i n g _______ ■______ : ---------- : ----------- : ------------ d u l
I n t e r a c t i o n  w i t h  t h e  c o m p u te r  i s
b o r i n g _______ : ______ s______: ______ s--------------- i n t e r e s t i n g
f r e s h   ___ : _______ : ______: ----------- : -------------s t a l e
. m e a n i n g l e s s ______ 8______ «______t ----------- ’• ------------ m e a n in g f u l
. i m p o r t a n t ______ s______ s______: ----------- =------------ u n i m p o r t a n t
u s u a l _______ s______ : ______* ______ s------------ u n u s u a l
p o w e r f u l _______ : ______ : ----------s----------- : ------------ wef k
p a s s i v e _______ : ______ t ______s----------- : --------------- a c t i v e
t h r i l l i n g _______: ______ «----------«----------- «------------ * “ 1*
. u n e v e n t f u l ______ * ______ * ______«----------- ■------------ a c t i o n - p a c k e d
6 0 .  c h a l l e n g i n g  ______: _______ : ---------- : ----------- : ------------ d u l i
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APPENDIX F
U n d e rs ta n d in g  o f  t h e  Concept o f  V a r i a b l e  In s t r u m e n t
D e c id e  w h e th e r  t h e  f o l l o w i n g  s ta te m e n ts  a r e  t r u e  a lw a y s ,  
som etim es o r  n e v e r .  P u t a c i r c l e  around t h e  r i g h t  a n s w e r .  
I f  you p u t  a c i r c l e  a round  "som etim es" e x p l a i n  when t h i s  
s ta te m e n t  i s  t r u e .
P r a c t i c e  I te m s :
P + 9  = 16 
a lw a y s  
n e v e r
so m etim e s , t h a t  i s  when ____________________________________
9Z + 3 = 21 
a lw a y s  
n e v e r
so m e tim e s , t h a t  i s  when
1. X + 6  = 3 + 6  
a lw a y s  
n e ve r
s o m etim e s , t h a t  i s  when
2 .  8  + P = 8  + 2
a lw a y s  
n e v e r
s o m etim e s , t h a t  i s  when
3 .  X + 6  = 8  + 5  
a lw a y s  
n e v e r
s o m e tim e s , t h a t  i s  when
4 .  R + 7 = 9 + 3  
a lw a y s  
n e v e r
s o m etim e s ,  t h a t  i s  when
5 . 6 A + 3 = 9  
a lw a y s  
n e v e r
s o m e tim e s ,  t h a t  i s  when
6 . 3Z + 6  — 18 
a lw a y s  
n e v e r
so m e t im e s , t h a t  i s  when
278
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7 . 2X + 3X = 5X 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
8 . 9N + 7N = 16N 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
9. A + 2B = A + 4C 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
1 0 . X + 3Y = 6 Z + X 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
1 1 . 2N = N + 2 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
1 2 . R + 2 = 2R 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
13. 3 + S = 38  
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
14. 5A = 5 + A 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
15. 10 + A = B + 10  
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
16. W + 6  = Y + 6  
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t i s  when
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17. fl + B =  B + fl 
a lw a y s  
n e v e r
so m e tim e s , t h a t  i s  when
<-* 
1 
00 
i 
■ 
1 1
R + N = N + R 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when
1 
! 
1 
.
i 
O 
! 
i 
h
2A = 2E< 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when
2 0 . 5D = 5E 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when
2 1 . M + 2N = 2M + N 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when
2E + F = E + 2F 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when
A + 2E = 2B + A 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when ___
24 . 5Y + Z = Z + 5Y 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when _ __
25. A + 2B + 2C = A + 2B + 4C 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when
2 6 . X + 3Y + 3Z « X + 3Y + 6 Z 
a lw a y s  
n e v e r
s o m e t im e s ,  t h a t  i s  when ___
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M A + B -• B + 
a lw a y s  
n e ve r
som eti mes,
C
t h a t  i s when
fJ 
1 
CO 
1 
■ 
1 1
R + N = N + 
a lw a y s  
n e ve r
M
som eti mes, t h a t  i s when •__________
2 9 . A + B + C = 
a lw a y s  
n ever
C + A + B
so m etim es , t h a t  i s when
3 0 . M + N + Q = 
a lw a y s  
n ever
Q + N + M
som eti m es, t h a t  i s when
31 . A + B + C = 
a lw a y s  
n e ve r
A + B + D
i
som eti mes, t h a t  i s when _ _
T  O m M + N + Q = 
a lw a y s  
n e v e r
M + P + Q
so m etim es , t h a t  i s when _ _
er -
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D a ta  A n a ly s e s
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Table 1
8Q§iY§i2_9£_V§Ci§Q£§_f2C_EII§_§£9r.g:§
Dependent v a r i a b l e :  P r e - t r e a t m e n t  s c o r e s  f o r CTBS
S ource  o f  
V a r ia n c e d f
Sum o f  
Squares
Mean
S q u are  F 2
Model 8 9 .  17 4 4 .5 9  . 6 0 .5 5 .0 1
E r r o r 86 6 4 2 7 .2 7 7 4 .7 3
C o r r e c te d
T o t a l
88 6 5 1 6 .4 4
N o t e . CTBS = C om prehensive  T e s t  o f  B a s ic  S k i l l s .
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Table 2
AQal_y§i.s_gf _Vari§nce_f or_IOLI_Sc.gr es
D ependent v a r i a b l e :  P r e - t r e a t m e n t  s c o r e s  f o r  TOLT
S o u rce  o f  
V a r i  ance d f
Bum of  
S q u a re s
Mean
S quare E E R f
Model r? .9 6 .4 8 . 3 7  . 6 9 .0 0 9
E r r o r 86 110. 17 1 .2 8
C o r r e c te d
T o t a l
88 111 . 13
N o t e . TOLT = T e s t  o f  L o g ic a l  T h in k in g .
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Table 3
AnaIysis_o£_Variance_for_Posttest_Scores
Dependent v a r i a b l e :  P o s t t e s t  S co re  f o r  U n d e rs ta n d in g
o f  t h e  C oncept o f  V a r i a b l e
S ource o f  
V a r i  ance d i
Sum o f  
S q u a res
Mean
S q u a re  F e  Rf.
T re a tm e n t 1 7 4 .1 2 8 7 . 0 6  4 .4 1  . 0 1 5 1 *  . 0 9 3
E r r o r 86 1 6 9 8 .6 4 1 9 .7 5
C o r re c te d
T o t a l
88 1 8 7 2 .7 6
S ource o f  
V a r i  ance
Group Mean 
d f  D i f f e r e n c e  e
C o n t r a s t
Computer
Computer
T extbook
v s .
v s .
v s .
T e x tb o o k
C o n t r o l
C o n t r o l
1 2 .0 1 2  . 1 0  
1 3 .4 -64  . 0 1 * *  
1 1 .4 6 2  . 1 0
*  E < . 0 5 .  * *  e  < - 0 1 -  E < -0 0 1
N o t e . D u n c a n 's  m u l t i p l e - r a n g e  t e s t s  were p e r fo rm e d  
t o  a n a ly s e  t h e  s i g n i f i c a n c e  o f  th e  c o n t r a s t s  a t  d i f f e r e n t  
a lp h a  l e v e l s .
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Table 4
AnalYsis_gf_Variance_£gr_Retentign_Iest_Scgres
D ependent v a r i a b l e :  R e t e n t io n  T e s t  S co re  f o r  U n d e rs ta n d in g
o f  t h e  Concept o f  V a r i a b l e
S ource  o f  
V a r i  ance dhf
Sum o f  
S q u a re s
Mean
S q u a re  F B E f
T re a tm e n t 4 3 8 .1 7 2 1 9 .0 8  1 0 .2 8 . 0 0 0 1 * * *  .1 9 3
E r r o r 86 1 8 3 3 .5 8 2 1 .3 2
C o r r e c t e d
T o t a l
88 2 2 7 1 .7 5
S o u rce  o f  
V a r i  ance
Group Mean 
d f D i f f e r e n c e EL
C o n t r a s t
Computer v s . T e x tb o o k 1 4 .6 9 0 . 0 1 * *
Com puter v s . C o n t r o l 1 5 .8 6 4 . 0 1 * *
Ter: tb o o k v s . C o n t r o l 1 0 .1 7 4 . 10
*  g < . 0 5 .  * *  g < . 0 1 .  * * *  g < .00 1
M o te . D u n c a n 's  m u l t i p l e - r a n g e  t e s t s  w ere  p e r fo rm e d
t o  a n a ly s e  t h e  s i g n i f i c a n c e  o f  t h e  c o n t r a s t s  a t  d i f f e r e n t  
a lp h a  l e v e l s .
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VITA
E n r iq u e  D r t i z  was born  i n  R a l e i g h ,  N o r t h  C a r o l in a  on 
June 1 2 ,  1 9 5 5 .  He was r e a r e d  on S a n t u r c e ,  P u e r t o  R ic o  and 
g ra d u a te d  -from C e n t r a l  H igh School i n  1 9 7 3 .  He a t te n d e d  
I n t e r a m e r ic a n  U n i v e r s i t y  in  P u e r t o  R ic o  and r e c e iv e d  a 
B a c h e lo r  o f  A r t s  d e g re e  in  S econdary  E d u c a t io n  
(M a th e m a t ic s )  i n  May, 1976 . He was aw arded  a M a s t e r ' s  
d eg ree  in  S c h o o ls  A d m in is t r a t io n  and S u p e r v is io n  fro m  
Phoenix  U n i v e r s i t y  in  J u l y ,  1981 .
The a u t h o r  t a u g h t  e le m e n ta r y  and s e c o n d a ry  schoo l  
m a th e m a tic s  i n  P u e r t o  R ic o  f o r  f p u r  y e a r s .  F o l lo w in g  th e  
c o m p le t io n  o f  h i s  M a s t e r ' s  d e g re e  in  a d m i n i s t r a t i o n  and 
s u p e r v is io n  o f  s c h o o ls ,  he a c c e p te d  a jo b  as  M a th e m a t ic s  
S p e c i a l i s t  o f  t h e  C h a p te r  I I  F e d e r a l  P ro g ram  in  P u e r to  
R ic o .  The a u t h o r  has e x p e r ie n c e  as  M a th e m a t ic s  S u p e rv is o r  
and R e s e a rc h  E v a l u a t o r .  In  1 9 8 2 ,  th e  a u t h o r  e n r o l l e d  as  a 
f u l l - t i m e  d o c t o r a l  s tu d e n t  in  t h e  L o u is ia n a  S t a t e  
U n i v e r s i t y  D e p a r tm e n t  o f  C u r r ic u lu m  and I n s t r u c t i o n  in  th e  
a re a  o f  S e c o n d a ry  E d u c a t io n  ( M a t h e m a t ic s ) ,  w i t h  a m inor in  
E d u c a t io n a l  R 'esearch .
W h i le  he  was a f u l l - t i m e  s t u d e n t ,  t h e  a u th o r  r e c e iv e d  
an a s s i s t a n s h i p  w i t h  t h e  D e p a rtm en t o f  C u r r ic u lu m  and 
I n s t r u c t i o n .  He has  ta u g h t  t h e  e le m e n t a r y  s choo l  
m a th e m a tic s  method c o u rs e  d u r in g  t h e  l a s t  tw o y e a r s .
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The a u t h o r  i s  m a r r ie d  t o  D ia n a  O r t i z .  She r e c e iv e d  a 
B a c h e lo r  o-f S c ie n c e  d e g re e  in  B io lo g y  fro m  t h e  U n i v e r s i t y  
o f P u e r t o  R ic o  i n  May, 178 4 . The a u th o r  and h i s  w i f e  have  
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